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EXECUTIVE  SUMMARY 


The  purpose  of  this  study  was  to  determine  if  neural  networks 
could  perform  a  non-linear  filtering  operation  to  remove  noise 
from  two-dimensional  (2-0)  data  and  produce  a  noise-free  image 
using  NETS,  an  interpretive  neural  network  simulator. 

The  majority  of  this  study  concentrates  on  the  development  and 
performance  of  neural  network  filters.  The  study  begins  with 
developing  architectures  in  a  straight  vector  format  using  a 
training  set  of  one  sample.  The  report  progresses  to 
architectures  arranged  in  a  matrix  format  using  a  training  set  of 
ten  distinct  samples.  (A  vector  format  describes  the  mapping  of 
all  the  nodes  of  one  layer  to  another,  while  a  matrix  format 
allows  a  connection  scheme  to  map  nodes  from  one  layer  to  one  or 
more  nodes  of  another.)  This  report  also  describes  the  steps  in 
the  development  process  including  the  construction  of  a  training 
set,  the  creation,  initialization,  and  training  of  a  neural  net, 
the  testing  of  how  accurate  the  neural  network  filtered  noisy  2-0 
images,  and  the  preparations  involved  to  retrain  a  neural 
network.  A  description  of  the  development  and  use  of  objective 
and  subjective  criteria  in  determining  how  accurate  the  net 
filtered  noise  to  produce  a  noise-free  image  is  also  included. 

The  study  concludes  with  a  summary  of  the  experiment,  including 
determining  the  best  neural  network  architectures  used  in 
filtering  noise,  the  type  of  scaling  which  gives  the  best 
performance,  what  image  size  provides  the  best  results,  and  what 
effect  recursion  has  on  neural  networks  (or  how  many  times  should 
an  image  be  filtered  through  a  net  to  produce  a  noise-free 
image.)  It  was  determined  that  it  is  feasible  to  utilize  neural 
networks  to  filter  noisy  2-0  data  to  provide  a  recognizable  image 
of  the  original  noise-free  data.  A  matrix  architecture 
consisting  of  input  and  output  layers  of  equal  size,  and  one 
middle  layer,  should  be  used.  The  size  of  the  images  used  to 
test  and  train  the  network  should  consist  of  300,  400,  500,  and 
600  nodes,  where  each  node  represents  a  pixel  of  the  image.  If  a 
specific  image  was  used  to  train  the  network  to  recognize 
patterns,  the  neural  net  will  filter  noise  to  produce  an  image 
correct  in  orientation,  location,  and  shape  to  the  corresponding 
noise-free  image.  Otherwise,  if  the  neural  network  had  trouble 
filtering  enough  noise  to  produce  a  clean  image,  and  if  the  image 
was  not  part  of  the  training  Set,  recursion  may  help  generate  an 
image  correct  in  orientation,  location,  and  shape. 
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1.  IITROOUCTIOI 


Tke  pirpost  of  tkis  stidy  ms  to  detoniit  if  leiril  letoorts  coild  perfon  i  ooi-liieir 
filttriig  operitioi  to  reiove  ooiso  froi  too*d1ieosioot1  (2-0)  iipit  diti,  resiltlig  lo  i  2-0 
loiso-froe  imgt.  Tkis  report  discisses  tke  steps  iivolved  ii  tke  coistrictiig,  triiiieg  iid 
etilizieg  of  i  leiril  letoort,  iid  preseits  tke  fiodiogs. 

2.  HETHODOLOOr 

2.1.  Oefieitiofl  led  Uses  of  leiril  letiorks. 

k  neiril  oetiort  is  i  leb  of  intercomected  processiig  eleieits,  cilled  nodes,  pitteried  in  i 
kighly  interconnected  pirillel  strictire.  Tke  letiort  my  be  set  ip  is  i  coipnter  progrii  to 
■odel  the  interaction  of  these  nodes  siiilir  to  those  in  tke  brain,  h  neiral  netmrt  by  itself 
does  not  have  the  ability  to  iiprove  performice.  Rather,  it  is  a  progrii,  sich  as  lETS  (see 
section  2.2),  external  to  the  netnork  that  iiproves  performice  by  nsiig  the  irckitectire  of  the 
lenril  letiort  as  a  lodel.  Iiproved  performice  is  achieved  tkroigk  a  process  of  teaching  or 
trailing  the  netnork.  This  process  evilmtes  the  connections  betneen  tke  nodes  -  called  neights 
*  to  liniiize  tke  prediction  error. 

hs  a  branch  of  artificial  intelligence,  leiril  netnorks  are  used  in  a  variety  of  coiiertial  and 
■ilitiry  applications,  incliding  data  segieitition,  data  coipression,  signal  filtering,  and 
pattern  detection,  hppendix  I  contains  several  definitions  nkich  my  be  isefil  to  those  not 
faiiliar  nith  neiral  nets. 

2.2.  Softmre  Used. 

This  stidy  nsed  a  softmre  package  called  lETS,  a  neiral  netnork  simlator  developed  by  Pail  T. 
laffes  in  the  hrtificiil  Intelligence  Section  (non  called  the  Softmre  Technology  Irinch)  of 
IkSh's  Johnson  Space  Center.  The  priiiry  fnnction  of  the  simlator  inclides  a  flexible  systei 
that  itilizes  tke  generalized  delta  feed-back  propagation  learning  lethod  nithont  the  need  for 
specialized  hirdmre.  RETS  is  an  interpreter,  nith  its  *reid-evilmte-print'  letkod  of  execition 
siiilar  to  other  coipiter  lingmges  sich  as  MSIC  and  LISP.  The  simlator  preseits  a  mm  of  16 
options  to  the  iser  and  proipts  tke  iser  for  a  coiaind.  hfter  issiing  tke  comind  RETS  nill 
itteipt  to  evalmte  the  coimnd,  nkich  my  prodnce  tore  proapts  reqiesting  specific  inforaition 
or  an  error  aessages  if  tke  coaaind  is  not  inderstood.  The  data  presented  in  this  report  ms 
generated  ising  a  Coapig  386  personal  coapiter  nith  a  nith  coprocessor.  Training  tiaes  are 
expressed  in  seconds.  The  iaige  data  files  ised  is  tkis  stidy  consist  of  scaled  integers,  nkich 
appears  to  liait  the  size  of  the  pattern  irriy^  die  to  the  liaited  ninerical  precision  of  integer 
irithaetic. 

2.3.  Setting  np  tke  irckitectire 


The  precision  of  the  arithmetic  using  scaled  integers 
has  been  demonstrated  to  be  insufficient  for 
convergence  of  the  back'propagat  ion  algorithm  in  other 
applications.  However,  the  size  of  the  training  sets 
and  the  limited  amount  of  computer  memory  in  the  Compaq 
386  meant  that  only  scaled  integers  could  be  used  in 
this  study. 
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2.3.1.  Gettii)  stirted. 
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Tlie  first  stags  of  tlie  stidy  iivolved  fiodiig  lo  optiiil 
irckitectire  for  perforiiig  experiieits,  isiig  2S'b]i-20 
node  sibsectioos  of  loisy  aid  ioise*free  iiage  data,  oitk 
each  sabsectiofl  derived  froi  69*by-39  lode  iiage  data 
oitk  aid  litkoot  loise.  Tke  iiages  oere  obtaioed  froi  a 
project  tkat  atteipted  to  ideitif;  defects  ii  cast 
explosives,  and  oere  geierited  by  a  lodel  developed  by 
nr.  George  Scbleoker,  vhicb  siiilated  K-ray  iiages  of 
cast  explosives,  ko  exaiple  is  shoos  in  Oiagrai  1.  The 
noisy  iiage  data  is  osed  as  inpot  to  tke  neural  net  and 
the  clean  iiage  data  represents  tke  desired  output. 
Therefore,  each  siiple  that  coiprises  the  training  set 
used  to  train  the  netoort  oill  consist  of  a  noisy  and  a 
clean  iiage  of  the  saie  pattern.  Each  iiage  is  SOO  nodes 
in  siae  (2$  nodes  by  20  nodes).  The  architecture  of  the 
neural  net  consists  of  layers  *  an  inner  layer,  an  outer 
layer,  and  one  or  lore  liddle  layers.  The  inner  and 
outer  layers  are  lade  op  of  500  nodes  ohile  the  liddle 
layers  lay  vary  in  size.  Vken  lETS  begins  training  the 
netoork,  it  oill  atteipt  to  converge  to  an  user-defined 
lax  absolote  constraint  error  value.  This  value 
typically  is  as  loo  as  0.1  or  as  high  as  0.2,  depending 
upon  the  site  of  the  training  set.  The  objective  is  to 

have  the  neural  net  filter  enough  noise  froi  as  lany 

different  types  of  iiages  as  possible,  k  higher  error 
constraint  ooild  iiprove  generalization  but  sacrifice 
acciracy;  conversely,  a  lover  error  constraint  voold  iiprove  accuracy  at  the  expense  of 
generalization.  Tke  desirable  error  constraint  vas  preset  to  0.1.  Fortheriore,  a  good  indication 
if  a  neural  net  is  learning  to  filter  noise  froi  saiples  in  the  training  set  (and  therefore 
converging)  is  vken  the  root  man  squared  (RliS)  error  dropped  belov  0.1.  Finally,  several  input 
specifications  are  required  to  configore  the  net  before  trailing  coiiences.  These  iodide 
laxiioi  and  liniioi  veigkt  values,  leaning  rates,  loieotui,  and  bias.  lETS  uses  global  defaults 

on  all  of  these  specifications,  bit  tke  iser  has  the  option  of  changing  these  defailts,  both 

globally  and  for  specific  layers. 


Diagram  1: 
no  ise-f ree 


Samp  1e 
image . 
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The  irst  architecture  considered  consisted  of  a  straight  vector  foriat  -  tkat  is,  each  of  the 
nodes  of  one  layer  is  connected  to  each  of  the  nodes  of  tke  next  layer  of  tke  netoork.  This 
mans  that  all  of  tke  nodes  froi  tke  inpot  layer  are  connected  to  each  of  tke  nodes  of  the  liddle 
layer,  and  in  torn  all  of  tke  nodes  of  the  ivddle. layer  are  connected  to  each  of  tke  nodes  of  the 
output  layer.  The  iiitial  size  of  tke  liddle  layer  las  coipiteC  as  2  plis  the  sqiare  root  of  x, 
vkere  x  equals  the  iiiber  of  inpot  layer  plus  tke  niiber  of  oitpit  layer  nodes.  Since  tke  size 
of  both  layers  is  500  nodes,  the  valie  of  x  in  the  above  eqiation  is  500.  Therefore,  it  ois 
deteriiied  that  35  nodes  skoild  be  used  to  coipose  the  liddle  layer.  Tke  architecture  of  the 
vector  netoork  is  as  follois: 


layer  0  Layer  1  layer  2 

(Inner  Layer)  —  >(lliddle  Layer)  —  >|floter  Layer) 

500  lodes  35  lodes  500  lodes 

Tke  plan  oas  to  train  tke  netoork  to  filter  noise  froi  iiage  data  starting  froi  a  training  set  of 
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OK  siiple.  As  specific  oeteorlis  eere  siccessfiilly  triiied,  idditioii)  siiples  (op  to  i  iixiiii 
of  teo)  ootid  be  added.  Using  a  training  set  of  one  saipie,  the  vector  netvort  did  not  Mearn' 
enough  to  filter  noise  to  produce  an  acceptable  iiage,  despite  changing  training  factors  such  as 
■oientui  and  ueights;  increasing  the  nuiber  of  training  cycles  and  changing  the  nuiber  of  liddle 
layers  did  not  facilitate  the  training  of  the  netvort. 

2.3.2.  Starting  vith  a  latrix  fonat. 

At  this  point  it  uas  realized  that  a  different  architecture  uas  needed  to  train  the  netvort. 
lased  on  past  experience  vith  other  vodels  it  vas  decided  to  utilize  a  vatrix  forvat.  The 
difference  betueen  a  vatrix  fonat  and  a  vector  fonat  is  that  a  vatrix  forvat  allots  for 
patterned  connection  scheves  betueen  layers,  as  opposed  to  using  the  fully  connected  scheve.  In 
other  vords,  a  group  of  nodes  that  lie  close  together  in  one  layer  vay  be  tapped  to  a  single  node 
in  another  layer.  In  this  tay,  the  neural  netuorh  pieces  together  bits  of  visual  infonation  by 
trying  to  build  larger  shapes  out  of  staller  regions  of  a  particular  ivage.  The  vatrix  forvat 
for  the  net  net  architecture  vas  set  op  as  follovs: 

Layer  0  Layer  1  Layer  2 

(Inner  Layer) - >(Niddle  Layer) - >(8uter  Layer) 

SQO  lodes  8  lodes  SDO  lodes 
Ivage  Size:  (23  x  20)  (4  x  2)  (25  x  20) 
lloct  Pattern:  (10  x  10) 

Overlap^  (5,0) 

Using  a  training  set  of  one  satple,  the  lETS  package  trained  the  netvort  to  converge  to  a  vax 
absolute  error  constraint  of  under  O.l  in  less  than  five  seconds,  successfully  filtering  enough 
noise  to  produce  a  recognizably  clean  ivage.  Additional  changes  vere  vade  by  changing  global 
ueights,  changing  global  voventuv,  and  incorporating  bias,  vith  the  result  that  the  net  did  learn 
at  a  faster  rate,  but  these  changes  vade  no  significant  difference  in  the  quality  of  learning. 
Several  training  sessions  vere  covpieted  using  a  variety  of  viddle  layer  sizes  and  pattern  sizes. 
The  follouing  table  provides  an  initial  suvvary  of  results  (using  a  training  set  of  one  savpie): 


^  For  a  better  explanation  of  matrix  format  in  neural 
nets  please  go  to  Appendix  A,  Section  2  or,  if  available,  the 
NETS  User's  Guide,  Version  2.0,  pgs.  15-24. 
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1 

Table  1:  One  Training  Set,  Various  Pattern  and 

Riddle  Layers 

Size  of 

Size  of 

■1 

Iniber 

Hocking 

Riddle 

Size  of 

WBm 

of 

Patterns 

Layer 

Overlap 

Error 

Error 

Cycles 

HfTnni 

9  X  10  (90) 

3x2  (6) 

(1.0) 

0.097 

0.070 

11 

i.i  ji 

7  X  10  (70) 

4x2  (8) 

(1.0) 

0.081 

0.044 

9 

mm 

5  X  10  (50) 

5  X  2  (10) 

(0.0) 

0.067 

0.024 

7 

m 

9  X  5  (45) 

3  X  4  (12) 

(1.0) 

0.076 

0.036 

6 

7  X  5  (35) 

4  X  4  (16) 

(1.0) 

0.072 

0.018 

5 

mm 

5  X  5  (25) 

5  X  4  (20) 

(0.0) 

0.068 

0.026 

4 

3.0 

It  ippeirs  tkat  iacreisiog  tke  noiber  of  nodes  ii  tke  liddle  layers  ekile  decreasing  tke  pattern 
size  lay  decrease  the  lax  absolute  error  and  IHS  error  (and  therefore  train  the  netuort). 
Houever,  this  can  be  accoiplished  by  louering  the  laxitoi  weight  valve  daring  the  creation  of  the 
net.  This  observation  led  to  another  question:  what  size  of  overlap  patters  and  liddle  layer 
provides  the  best  type  of  architecture  for  the  neural  let?  Tke  next  step  was  to  deteriine  the 
effects  of  lodifyiog  pattern  and  overlap  sizes,  while  increasing  the  liddle  layer  size,  in  the 
developient  of  a  lore  accirate  neural  network.  It  training  set  of  three  saiples  was  used  here. 
The  results  are  categorized  in  the  following  table: 


Table  2:  Various  Patterns,  Overlaps,  and  Riddle  Layers  Used 
_ for  a  Training  Set  of  Three  Saiples _ 


Overlap 

Layer 

Riddle 

Layer 

H 

m 

laiber 

of 

Cycles 

Learning 

Tile 

(sec) 

9  X  10 

(1.0) 

3  X  2 

0.091 

0.058 

10 

5.0 

15.0) 

5  X  2 

0.088 

0.055 

9 

5.0 

(1.5) 

3  X  3 

0.075 

0.021 

9 

5.0 

(5.5) 

5  X  3 

0.094 

0.024 

9 

7.0 

9  X  8 

(1.4) 

3  X  4 

0.094 

0.024 

10 

6.0 

(5.4) 

5  X  4 

0.086 

0.027 

6 

6.0 

7  X  10 

(1.0) 

4  X  2 

0.073 

0.044 

9 

4.0 

(1.5) 

4  X  3 

moon 

0.018 

8 

5.0 

(0.0) 

7  X  2 

0.080 

0.018 

8 

6.0 

(0.5) 

7  X  3 

0.079 

0.018 

6 

5.0 

Table  2  continues  on  next  page: 
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Tible  2  (coitiBied) 


Size  of 
Pattern 
Hocks 

Overlap 

Layer 

Diddle 

Layer 

Rax 

Abs 

Error 

US 

Error 

laiber 

nf 

Cycles 

Learning 

Tine 

(sec) 

7  X  8 

(1.0) 

4  X  4 

0.081 

0.031 

7 

5.0 

(O.A) 

7  X  4 

0.083 

0.017 

5 

6.0 

5  X  10 

(0.0) 

5  X  2 

0.088 

0.020 

8 

4.0 

(1.0) 

6  X  2 

0.098 

0.034 

6 

4.0 

(0,51 

5  X  3 

0.085 

0.029 

7 

5.0 

(1.5) 

6  X  3 

0.086 

0.040 

5 

5.0 

9  X  5 

(1.0) 

3  X  4 

0.067 

0.018 

6 

4.0 

(5.2) 

5  X  6 

0.083 

0.040 

4 

5.0 

5  X  8 

(0.4) 

5  X  4 

0.077 

0.025 

5 

4.0 

7  X  5 

(1.0) 

4  X  4 

0.082 

0.023 

5 

4.0 

(1.2) 

4  X  6 

0.082 

0.025 

4 

4.0 

5  X  5 

(0.0) 

5  X  4 

0.070 

0.022 

4 

4.0 

Tbe  rtJiUs  litre  itcoiiclttsive.  I;  redtcing  the  pittem  size  the  eevril  net  ippeertd  to  hive  been 
triined  elth  greet  iccoricy,  but  only  if  lexiiei  eeight  vilits  are  tept  doen  to  aboot  0.15  to 
0.20.  The  best  results  indicated  that  if  a  pattern  beteeen  50  and  90  nodes  in  size  is  tapped  to 
a  liddle  layer  of  less  than  20  nodes,  the  net  till  be  trained  gnictl;  eithoiit  any  probleis.  If 
the  size  of  the  aiddle  layer  is  greater  than  or  tqaal  to  20  nodes,  the  taxitut  global  eeight 
selected  daring  the  creation  of  the  net  aast  be  decreased  or  else  the  net  till  fail  to  learn. 
Etploying  bias  on  sach  a  stall  tiddle  layer  size  does  not  take  a  difference. 

2.3.3.  Adding  tiddle  layers. 

The  text  step  aas  to  inrestigate  the  incorporation  of  additional  aiddle  layers  to  deteraine  if 
the  net  aill  conveige  faster  ahile  increasing  the  natber  of  satples  in  the  training  set.  A 
variety  of  nenral  netnork  architectnres  for  ap  to  3  inpat  data  sets  las  tested.  It  vas  foand 
that  a  tiddle  layer  of  35  nodes  sippTeaented  nith  another  tiddle  layer  of  16,  20,  or  25  nodes 
vill  converge  nnder  100  cyclen,  either  nith  or  lithont  bias.  The  conclnsion  is  that  a  variety  of 
netnork  architectnres  exist  than  can  be  nsed  to  train  a  net  to  handle  a  training  set  of  3 
exatples,  bat  only  if  the  taxitnt  error  constraint  nas  set  to  0.2.  Appendix  0.1  lists  all  of  the 
architectnres  tested.  Those  netnork  architectnres  that  prodnced  a  trained  netnork  are  listed 
belon: 


5  X  8 

(0.6) 

5  X  7 

0 

.197 

.050 

24 

105. 

0 

1  X  4 

(4.01 

7  X  S 

1 

.182 

■ 

.059 

23 

98. 

0 _ 

Tible  3:  List  of  letoort  trchitectires 
isiig  I  Triiiing  Sot  of  3  Siiples 


Pitteri  OverUp 


libs  Rns 

ize  Error  Error  Cjcles 


I  bits,  1  11(11110  liyor: 


it  bios,  1  liddlo  1i;or: 


I  5 


bios,  2  liddlo  loyors: 


I 

.182 

■ 

.059 

23 

142. 

1:5x8 

2:  1  X  4 

mi 

■on 

5  X  7 

5  X  4 

1 

.181 

1 

.059 

46 

164. 

1 

1:5x8 

2:  2  X  3 

1 

.6 

.2 

1 

5  X  7 

4  X  5 

1 

.187 

1 

.060 

90 

273. 

1 

1:  9  X  8 

2:  1  X  4 

(5.6) 

10.3) 

5  X  7 

5  X  4 

0.190 

275. 

1 

1:9x8 

2:  1  X  3 

.6 

.2 

1 

5  X  7 

5  X  5 

1 

.193 

1 

.067 

m 

334. 

1 

1:9x8 

2:  2  X  4 

1 

.6 

,3 

1 

5  X  7 

4  X  4 

1 

.198 

1 

.073 

m 

277  . 

1 

1:  9  X  8 

2:  2  X  3 

IDI 

mwm 

5  X  7 

4  X  5 

1 

.199 

1 

.087 

76 

lot 

recorded 

1:  7  X  4 

2:  3  X  2 

(4.0) 

(2.1) 

7  X  5 

5  X  4 

1 

.198 

95 

282. 

1 

1:  7  X  4 

2:  3  X  1 

(4.0) 

(2.0) 

7  X  5 

5  X  5 

1 

.198 

1 

.055 

52 

189. 

1 

tfitboit  bios. 

2  liddlo  lipors: 

1:5x8 

2:  1  X  4 

(0.6) 

(0.3) 

5x7 

5  X  4 

1 

.195 

1 

.052 

# 

44 

155. 

1 

1:5x8 

2:  1  X  3 

mi 

■uufl 

5  X  7 

5  X  5 

1 

.197 

1 

.058 

49 

149. 

1 

1:5x8 

2:  2  X  4 

(0.6) 

(1.3) 

5  X  7 

4  X  4 

<'.197 

1 

.051 

45 

118. 

1 

Tiblt  3  coitiiios  01 

loxt  pigt: 

6 


fl  . . . 

11  Tible  3  (continned) 

Vithoot 

biis,  2  liddle  liyers  (continned): 

Fitters 

Overlip 

Size 

llix 

6bs 

Error 

m 

Leirning 

Tile 

(secs) 

1:  5  X  8 

2:  2  X  3 

■1 

5  X  7 

4  X  5 

n 

n 

81 

m 

1:9x8 

2:  1  X  4 

m 

5  X  7 

5  X  4 

n 

H 

65 

m 

1:  9  X  8 

2:  2  X  4 

IBI 

■iKn 

5  X  7 

4  X  4 

m 

m 

64 

m 

1:  9  X  8 

2:  2  X  3 

(5.M 

(1.2) 

5  X  7 

4  X  5 

m 

m 

65 

m 

1.;  7  X  4 

2:  3  X  2 

(6.01 

(2.1) 

7  X  5 

5  X  4 

11^1 

m 

43 

m 

1:  7  X  4 

2:  3  X  1 

(6.0) 

(2.0) 

7  X  5 

5  X  5 

■ 

m 

30 

m 

1:7x4 

2;  4  X  2 

(6.0) 

(3.1) 

7  X  5 

4  X  4 

■ 

m 

34 

■1 

Vt  fomd  thit  tkcrc  irt  i  viriet;  of  orckitectores  tkit  coo  be  developed  isiig  ooe  or  too  liddle 
liters.  Ike  best  resolts  involved  too  liddle  lowers:  one  35  nodes,  tke  other  16,  20,  or  25 
nodes  in  size.  611  of  these  irckitectore  converged  onder  100  cjcles,  oith  or  oitkoot  biis. 

2.3.6.  Experiients  oith  virions  size  triiiing  sets 

2. 3. 4.1.  Coipirisons  of  triining  sets  of  three  ind  five  siiples 

6fter  identifying  in  optiiil  irckitectore  thit  osed  i  triining  set  of  three  siiples,  idditionil 
oork  ois  needed  to  deteriine  if  this  irckitectore  coold  be  osed  to  triin  i  netoork  oith  i 
triining  set  of  five  siiples.  Using  tke  irckitectore  of  one  liddle  Iijer  iid  incorporiting  i 
biis,  forty  iiige  diti  oere  filtered  ind  the  resolts  displiyed  for  visiil  inspection  tkroogk  i 
grey*sci1e  progrii.  It  ois  ippirent  thit  the  leoril  netoork  irckitectores  tkit  siccessfilly 
converged  ising  i  triining  set  of  three  siiples  do  netoork  oell  for  i  triining  set  of  five 
siiples.  6t  this  point  lore  oork  ois  needed  to  identify  i  neoril  letoorL  irckitectore  tkit  is 
ible  to  properly  filter  noise.  Tke  irckitectore  tkit  nsed  i  triining  set  of  three  siiples 
prodiced  the  foHooing  resolts  for  i  triining  set  of  five  siiples; 


Table  4:  Rasalt  of  asiag 
oa  ai  Optiial  krckitactare 

a  Sat  of  5  Saiplas 
for  3  Traiaiag  Saiplas 

Inker 

of 

flax 

Inker 

Traiaiag 

kbs 

of 

Tiia 

Sots 

Error 

BH 

Cycles 

(sac) 

5 

■n 

0.401 

0.140 

100 

I/a 

Thtst  aiabers  coafirtcd  tktt  tke  let  did  lot  coivcrqe  tid  tkis  coild  lot  ideitif;  lois)  diti.  If 
la  luge  data  file  aas  propagated  tkroagk  tkis  act  aad  its  iiagt  toipared  aitk  its  correspoadiag 
cleaa  iiage,  it  aoild  kecoia  okviois  tkat  tkasa  iiagas  do  aot  loot  alita  ia  skapa  aad  fora.  Tka 
saaa  arckitactara  tkat  saccassfally  coavargad  asiag  a  traiaiag  sat  of  tkraa  saiplas  coild  aot 
coavarga  asiag  a  traiaiag  sat  of  fiva  saiplas.  Tkarafora.  ia  order  for  tka  aataori  to  davalop  tka 
akilit}  to  detect  pattaras,  tka  arckitactara  of  tka  aataork  last  ka  lodifiad  aad  traiaad  aitk 
lore  axaiplas. 


2. 3. 4. 2.  Usiag  five-  aad  tea*saip1a  traiaiag  sets. 

lit  tkis  poiat  a  aaa  arckitactara  had  to  ka  davalopad  to  kaadla  fiva  traiaiag  sets.  Farthariore, 
aitk  lore  traiaiag  saiplas  to  laara,  it  aas  apparaat  tkat  a  siall  liddla  layer  aoald  aot  provide 
tka  desired  rasalts.  Vkat  aaadad  to  ka  doaa  aas  to  iacraasa  tka  aaikar  of  aodas  ia  the  liddla 
layer  aad  perkaps  iacraasa  the  aaikar  of  liddla  layers  ia  tka  arckitactara  to  tao  or  three.  If 
these  laasara  did  aot  aort,  the  size  of  tka  traiaiag  files  aas  radacad  froi  hOO  to  400  aodas  for 
coipatatioaal  acoaoiy.  Several  arckitactaras  aara  davalopad  aad  traiaad  asiag  a  traiaiag  sat  of 
fiva  axaiplas.  These  architactaras  are  listed  ia  hppaadix  1.2.  Tka  folloaiag  arckitactaras; 
iacorporatiag  oaa  liddla  layer  aad  a  bias,  provided  tka  bast  rasalts,  coavargiag  aider  a  preset 
coastraiit  error  of  0.2: 


Size  of 
Pattera 
Layer 

Overlap 

layer 

fliddla 

Layer 

flax 

lbs 

Error 

1 

Inbar 

of 

Cycles 

laaraiig 

Tiia 

(sec) 

9  X  4 

(5.2) 

S  X  9 

0.194 

0.061 

27 

230.0 

S  X  2 

(0.0) 

S  X  10 

DEI 

0.043 

76 

69S.0 

9  X  2 

(5.0) 

S  X  10 

nn 

ns 

30 

296.0 

7x4 

(5.0) 

10  X  S 

DU 

0.040 

43 

407.0 

Oaa  arckitactara  tkat  did  aot  asa  a  bias  aas  foaid  to  ka  able  to  trail  a  aataork  to  a  laxiiai 
error  of  0.1  ia  aider  ISO  cycles.  Its  ckaractaristics  are  as  folloas: 
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error  less  thin  0.2.  It  is  ippireit  that  the  best  leiril  letiort  irchitectire  to  filter  noisy 
diti  consists  of  only  one  liddle  liyer.  Froi  t  collection  of  irchitectires  eiploying  one  liddle 
liyer,  the  one  thit  prodiced  the  Invest  iixiiii  error  shoild  be  ised  to  test  i  trailing  set 
consisting  of  ip  to  ten  siiples.  The  resilts  of  incorporating  an  additional  set  to  the 
irchitectire  described  above  are  shovn  as  follovs: 


Table  7  (coitiiied): 

bias  (coitiiied): 

Oiiber 

- 1 

Selected 

■1 

of 

Oiiber 

Rax 

Leariiig 

Saiples 

of 

Coistraiit 

kbs 

Tile 

ii  Set 

Cycles 

Error 

Error 

■gn 

(sec) 

6 

76 

0.2 

0.193 

0.044 

I/a 

*m 

0.1 

0.171 

0.041 

... 

7 

30 

0.2 

0.190 

O.OSO 

I/a 

MOO 

O.t 

0.1S4 

0.036 

— 

0 

100 

0.2 

0.66S 

0.171 

— 

♦  23 

0.2 

0.199 

0.040 

290.0 

♦  100 

0.1 

0.091 

0.250 

... 

It  ippeirs  thit  SOO'iode  iiipe  diti  files  ere  too  lirpt  to  deteroiie  tke  rigkt  type  of 
irckitectvre  for  tke  leiril  oet  to  filter  loise  so  400*iode  iiige  dita  files  oere  ised  to  trail 
tke  let.  Tke  lost  optiial  arckitectire  tkat  prodiced  a  traiaakle  let  is  displayed  keloo: 


Layer  0 

Layer  1 

Layer  2 

(Iiier  Layer) 

1  —  >(fliddle  Layer)--- 

•>(0iter  Layer 

400  Oodes 

45  Oodes 

400  Oodes 

Size: 

(20  X  20) 

(5  X  9) 

(25  X  16) 

Patten: 

(4  X  4) 

Overlap: 

(0.2) 

3.  Establiskiig 

criteria 

To  deteriiie  if  a  iciral  letiork  adegiately  filtered  loise  to  prodoce  a  recogiizakle  iiage,  tkere 
list  be  a  vay  to  visoally  aid  statistically  deteriioe  sock  a  leasire  of  siccess.  Too  sack 
criteria,  sibjectivc  aid  obicctivo,  oorc  istabTisbed  aid  are  described  belei.  k  senary  of  tke 
resilts  is  listed  ii  kppeidii  I. 

3.1.  Sibjective  criteria 

h  grey*sca1e  progrii  prodiciig  12  skades  of  grey  is  aeaitible  to  prodice  a  pictire  of  iiage  data 
files  irropagated  tkroigk  a  trailed  loiral  letoork.  Tke  pregrii  triisfiris  eack  lode  iiti  a 
skade  of  grey  ii  tke  iiage,  isiig  a  direct  iiterpoTated  relitioiskip,  ikick  depeid  ipoi  tke  raige 
of  vilies  represeited  by  tko  iiage  data  file.  If  a  vain  fits  litbii  a  certaii  raige 
represeitiig  a  skade  of  grey,  tke  prograi  priits  tkat  skade  of  grey  to  represeit  tke  lode.  Tke 
pictires  geierated  represeit  a  visial  ciiposite  of  tke  latrii.  Tke  grey  scale  prograi  cai  also 
be  ised  to  creato  iiage  data  files  froi  a  series  of  proipts  geierated  by  tke  prograi.  Tkese 
files  lay  be  ised  as  traiiiig  or  test  sets. 

Tke  oitpits  geierated  by  tkis  prograi  lay  be  described  isiig  tke  size  (311,  410,  SOO,  or  600 
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iode$),  orieititloR  (slaittd  left,  striiqkt,  sliited  right,  or  iideteniiibte) ,  locitloi  of  the 
ceoter  (top,  ceiter,  or  bottoi),  iid  sbipe  (ovil,  bilf  ovil,  roigbly  ovil,  roigblj  bilf  ovil,  x* 
sbiped,  or  iioebic).  Oiriig  the  developieit  of  the  leteorh  irchitectire,  pictires  of  the 
filtered  iiege  diti  files  were  geeerited  by  tbe  grey-scile  progrii  iid  visiilly  coipired  vitk 
their  correspoiditg  clen  iiiges. 

3.2.  Objective  criterie^ 

The  friction  of  sqiired  residnils  (FSR)  is  i  revised,  sci1e*iiviriiit  letbod  for  deteriiiieg  hoi 
siccessfil  the  leiril  net  filtered  noise  froi  propigited  inpit  diti.  h  ‘C*  progrii  iis  iritten 
ind  coipiled  to  geoerite  i  vilie,  given  too  inpot  files,  either  the  noisy  and  clem  siiples  or 
the  filtered  (propigited)  ind  clem  siiples.  (The  vilies  generated  by  this  progrii  ire  coipired 
vith  each  other  to  deteriiie  if  the  filtered  iiige  data  file  is  in  iiproveieit  over  the  original 
noisy  iiige  data  file.)  If  the  FSR  valne  generated  by  the  progrii  is  eqial  to  zero,  then  the 
filtered  saiple  is  an  exact  latch  of  the  clean  saiple.  The  cntoff  valne  las  selected  to  be  0.25. 
ht  higher  FSR  values,  based  on  visial  coiparison  of  the  snbjective  criteria,  the  snipe  of  the 
filtered  iiage  does  not  reseible  the  clean  saiple  of  the  sue  set. 

4.  Experiients  lith  300-,  400*,  S00-,  and  600*iode  siiples. 

hfter  selecting  the  best  perforiing  netiork  architectires,  experiients  vere  perforied  to 
deteriine  hov  snccessfnlly  this  nenral  net  filtered  noise,  h  total  of  19  siiples  (10  training,  9 
non-training)  lere  filtered  through  each  trained  netvort.  These  siiples  lere  coiposed  of 
coibinations  of  virions  orientations,  locations  of  tbe  center,  and  shapes  of  iiages  of  trincited 
ellipsoids  coiposed  of  varying  niibers  of  nodes.  Ill  of  the  siiples  ised  in  these  experiients, 
lith  three  exceptions,  are  oval-shaped;  the  three  exceptions  are  half-oval  (trincated  ellipses) 
in  shape  and  are  referred  to  in  this  report  as  partial  pattens.  These  coibinations,  shorn  in 
hppendix  C,  paragraph  C.l.  Paragraph  C.2,  lists  the  actial  oitcoies  for  each  netvort.  The 
results  of  those  experiients  are  discussed  belov. 

4.1.  Describing  iiages 

In  deteriining  hoi  siccessfil  the  nenral  net  filtered  noise  froi  data,  it  is  iiportant  to 
visually  inspect  the  resilts.  This  las  done  isiig  the  grey  scale  prograi,  ihich  generated  a 
visial  representation  of  input  (noisy),  filtered,  and  clean  iiages  for  all  of  the  saiple  sets. 
The  grey-scale  iiages  of  coiplete  ellipsoids  appear  as  holes  in  the  plane.  These  figures  are 
displayed  in  hppendix  C,  sections  C.4.1  to  C.4.4.  hn  exiiple  of  one  set  of  these  iiages  is  shorn 
here  for  convenience  (see  Oiagrais  2a-2d  on  next  page): 


Because  human  vision  displays  a  logarithmic  brightness 
sensitivity,  it  is  tempting  to  construct  a  measure  pf 
image  fidelity  as  an  average  over  all  corresponding 
nodes,  of  decibel  (dB)  differences  between  noisy  and 
noise-free  data  sets.  A  quantitative  measure  of 
quality  of  restoration  was  developed  by  my  colleague 
George  Schlenker  on  this  basis.  However,  a  basic 
assumption  of  this  approach  -  identical  scales  for  both 
images  -  was  not  satisfied  due  to  (uncontrolled)  non¬ 
linearity  of  network  filtering.  Consequently,  a  second 
measure  was  developed  to  include  nonlinearity  -  the 
fraction  of  squared  residuals  (FSR). 
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Oiagram  2a:  Example  of  a  Noisy  Diagram  2b:  Example  of  a 
Image.  Noise-free  image. 


.  • .  •  ..•<-*3.88888S'*+.<fS 
-;-;-;<;*388;8M8;$*+;<;<;-;-;.-;- 
;.+  388i88813+.<.< 

-\'.--<33888'8MS'*<'<‘''-’''- 

.•.■.■.■<*,3M8.’88li8.'8*'<' 

■-•►-388f88’88-$  *■+:-■/.-■-. 
■.'.'.•.'<'38’888B.8888.*.'.;.'.' 
-■-■.--■•■+ *88'8088888  <■.-:- ■-■ 
.•.'.•.•.•.+  38888fl0.88if.'.'.'.. 
-  -  ■+■588800088 3-< 

■.'.•.■.•.•.<38880008a8'V.'.'. 

■-■-•.-■-.■-■-■-*$8^flO'8M0*<''- 

8-8 0.8888.3f.'. 

■.-:  .■  -  ■.•*-S8'8M®'®9^  • 

•!';'j';'/;';.'<'3588ii8888*>;' 
■-■  v' -:-■.■-■-.' <*888‘8M$8*-<-‘. 
.■.•.■/.;';'.';+>*i8;8888jB3+:;; 

!  '<•■•;<!+ 38  88  383.*  <' 
•-■-■.-:-■-■.-*-■+■+■.-.■ +'35-$33*-*<'. 


.'*388  38  8.8  8'*.+.<. 
<*3888'88883*-<»--';-'  - 
.<8388888e.3f<. 

- <-**8MB888*< :-  ■-  ■-  ■-  ■/-■-■- ■- 
•.•♦3880088■88.*.•;^•.•.•.•.•.•.■ 
■-■+3-5  8088885-*  <■.-■-■-■-■-■-■-■-■ 
.'.<  *38.8808.881 
-■-■  +  3880008883.-----'-.-- 
•.•.<.*588.8M8.e5'<;.-.'.'..'.'.-.' 
■•■•■.'+88|ODB08e3:-  -  . 

. •.•.•.388liDiBB8 8.8 f 
-  -+880008088*'.- 
\\;‘388B0BjB883<!'!;'!';';- 
•/.'.'.'+ 588'8B8883'+ <■-■-■-■-'-' 

.■.■;->..'*18.80-88.e8*::. 

-■-■-■--.■♦■3880B^83'3<-'-'-'-.'-'- 

•.•;\:'t+.*58B.8e'*83f.'.'.'.-.' 

38H«>9'33,'<;-:-;-;-; 
<'+.*B888.+  83*.< 

4-'  <'..  ;.*' 31 !--» *'**-<  -■•■,'■. 


Diagram  2c:  Result  of  first 
recursion  of  noisy  image. 
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Dianram  2d:  Result  of 
performing  second  recursion 
of  image. 


The  luges  ere  described  islig  three  pireieters:  orieititiei  (0),  locitioi  of  ceiter  (L).  iid 
shipe  of  the  iiige  (S).  The  follooiig  tible  disp1i|s  ii  exiiple  of  oie  of  the  sets  of  iiiges' 


(Set  1  ■  lois)  iiigesj 
(ifter  origiiet  propigitioi) 

(vith  oie  recorsioi) 

(vlth  edditioiil  recirsioij 

lo  the  exeiple  ebove,  the  first  tiie  (i)  describes  the  ippeerioce  of  the  cleii  iiige  for  set  1 
end  the  FSR  vilve  resilt  of  coipering  the  loisjf  iaige  for  set  1  with  the  clem  iiige  for  the  sue 
set.  The  second  line  (b)  describes  the  shipe  of  the  iiige  ifter  propigitiig  the  noisy  iiige 
throogb  i  triiied  leiril  net  end  the  FSI  vilie  of  the  propigited  vs.  den  iiige.  The  third  line 
(c)  describes  the  shipe  of  the  iiige  ifter  one  recirsioi  end  the  FSI  vilie  of  the  iiige  vs.  the 
den  iiige.  If  recirsioi  iis  perforied  igiii.  the  description  of  the  iiige  nd  its 
corresponding  FSR  vilie  loild  be  described  in  the  list  line.  Ill  of  the  iiiges  lere  geierited 
ising  I  grii'scile  progrii.  To  deteriiie  if  the  let  siccessfilly  filtered  enoigh  noise,  the 
propigited  iiige  list  iitch  the  den  iiige  ii  orieititioi,  locitioi  of  ceiter,  nd  shipe.  If 
the  FSR  vein  geierited  is  less  thn  0.25,  the  visiil  represeititioi  of  the  filtered  iiige  lill 
be  siiilir  to  thit  of  the  den  iiige.  R  tible  of  resilts  for  ill  sets  ire  fond  ii  hppeidix  C. 

4.2.  Rbsolite  versis  Relitive  Sciliig 

Vhei  geieritiig  iiige  diti  for  ise  ii  the  lETS  progrii,  the  lodes  thit  coiprise  the  iiige  list  be 
sciled  to  veins  betieei  0  nd  1.  Sciliig  regiires  i  iixiiii  nd  liiiiii  vein  of  iiige  diti. 
The  choice  of  rnge  R  cn  be  iide  ii  either  of  tvo  iiys.  These  ire  referred  to  here  is  'relitive 
sciliig'  nd  'ibsolite  selling'.  loth  ibsolite  nd  relitive  sciliig  lere  ised  ii  the 
coistrictioi  of  the  iiige  diti  ised  ii  the  letvorh.  Ii  generil,  the  rnge  (R)  is  defined  is  the 
difference 


Sel  0  L  S  _FSL 

li  L  C  o'  .9155 

b  L  C  0  .1547 

c  L  C  0  .1259 

d . 


iix( iiteisity  vilie)  -  iii( intensity  vein) 


Rbsolite  sciliig  iiposes  the  sue  scile  oi  ill  iiiges  isiig  the  iixiiii  nd  liiiiii  veins  of  the 
set  of  iiiges  before  perforiiig  sciliig  operitiois  ipoi  eich  iiige.  Relitive  sciliig,  on  the 
other  held,  periits  i  iiiqio  scile  for  eich  iiige  bised  on  the  iixiiii  nd  liiiiui  vein  of  the 
iiige  before  perforiiig  sciliig  operitiois.  Inge  diti  bised  oi  ibsolite  sciles  lere  ised  oily 
diriig  testing  of  irchitectires  isiig  4Q0-iode  iiiges;  the  rest  of  the  iiige  diti  ire  bised  oi 
relitivi  sciliig. 

4.3.  Testing  lith  viriiis  sin  siiples 


’  A  complete  explanation  of  all  symbols  used  to  describe 
the  appearance  of  the  images  is  found  in  Appendix  C. 
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4.3.1.  Testlig  vitli  300-iode  relitlve  siiples. 

Tke  trckittctire  ised  to  geicritc  tkis  ictiork  is  is  fillois: 

Lipir  0  Liyir  1  Ltjir  2 

(liter  Liyer)  —  >(llidd1e  Liyer| — >(Biter  Liyer) 

300  Oodes  4$  Oodts  300  Oedes 

Inge  Size:  (25  x  10)  (5  x  9)  (25  x  16) 

Hock  Pitteri:  (5  x  7) 

Overlip:  (0,6) 

Of  tke  liie  loi-triiiiig,  relitive-scile  siiples.  tke  let  filtered  loise  froi  five  siiples. 
Recirsioi  of  tke  reiiiiiig  siiples  iiproved  tke  resolitioi  of  tkeir  iiiges.  It  ilso  ippeired 
tkit  tke  letiork  cii  be  triiied  to  detect  tke  sktpe  iid  orieititioi  of  i  pirticilir  siiple.  Ooie 
of  tke  pirtiil  iiige  diti  propigited  tkroigk  tke  let  eere  filtered  siccessfilly.  Tke  iipict  of 
tke  pirtii)  iiige  diti  is  tkit  tke  let  cii  filter  lore  iiise  free  iiige  diti  if  tke  let  detects  i 
recogiizible  pitteri  1i  tke  loisy  iiige  diti  dirieg  propigitioi.  Tke  FSK  vilies  geierited  for 
tkese  iiiges  riige  froi  0.0109  to  1.605,  litk  tke  siccessfil  vilies  lot  exceediig  0.2215.  Tke 
kigkest  FSR  vilies  eere  geierited  for  tkose  siiples  ikose  cleii  iiige  represeited  oily  port  of  i 
recogiizible  pitteri.  For  tkose  siiples  tkit  coistitite  tke  triiiiig  set  tke  let  filtered  loise 
to  prodice  i  pitteri  correct  ii  skipe,  locitioi  of  ceeter,  iid  orieititioi  of  tke  iiige. 
Heiever,  recirsioi  sligktiy  lorseied  tke  qiility  of  tkose  iiiges.  Tke  FSR  vilies  geierited  for 
tke  triiiiig  iiiges  riige  froi  0.0111  to  0.1204. 

6riy*sci1e  iiiges  geierited  for  300*iode  iiiges  ire  lecited  1i  Rppeidix  C,  sectioi  C.4.1. 

4.3.2.  Testiig  litk  tke  400‘iode  ibsolite  iid  relitively  sciled  siiples 

Tke  irckitectire  ised  to  geierite  tkis  letiort  is  is  felloes: 

Liyer  0  Liyer  1  Liyer  2 

(Iiier  Liyer)  —  >(lliddle  Liyer)  —  >(0iter  Liyer) 

400  Redes  45  lodes  400  lodes 

Iiige  Size:  (20  x  20)  (5  x  9)  (25  x  16) 

Hock  Pitteri:  (4x4) 

Overlip:  (0,2) 

litk  ill  siiples  (tkese  tkit  coistitite  tke  triiiiig  set  iid  tke  reiiiider  tkit  did  lot)  tke 
Mini  letiirk  leigkt  cilcilitiois  did  ceiverge  for  botk  rilitive  iid  ibsolite  sciles.  Hovever, 
for  ill  of  tke  iiige  diti  bised  ei  tke  ibsolite  scile,  (botk  triiiiig  iid  iei*triiiiig  sets) 
propigitiei  oily  resilted  ii  prodiciig  lore  leise,  pridiciig  i  pitteri  is  if  on  iis  spreidiig  i 
glob  of  ill  01  breid.  Ricirsiii  did  lot  iiprove  tke  pitteri,  iid  tke  iiige  prodiced  ns  lerse 
tkii  tke  irigiiil. 

Tke  FSR  vilies  geierited  for  ill  of  tkese  luges  reflected  tke  sibjective  resilts;  tke  vilies 
riige  froi  0.2506  to  1.3432,  litk  tke  iiierity  of  tke  leisireieits  over  1.22. 

Vitk  tke  iiiges  isiig  relitive  scile,  tke  leeril  letierk  filtered  loise  to  prodice  i  den 
pitteri  froi  ill  ef  tke  triiiiig  siiples  iid  too  of  tke  liie  ioi*triiiiig  siiples.  Recirsioi 
iiproved  tke  ippeiriice  of  foir  pitteris  (too  eick  froi  tke  triiiiig  iid  ni-triiiiig  set)  bit  ii 
geieril  nrsend  tke  ippeiriice  ef  tke  filtered  iiige.  Tke  FSR  vilies  geierited  froi  tke 
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propigited  set  riigtd  froi  0.1531  to  1.028  iid  riige  froi  0.1640  to  1.387  for  those  geiented 
throigh  recvrsioi,  eith  the  highest  FSt  vilies  beloigiig  to  the  pirtiil  pitteros. 

Oriy-scile  luges  generited  for  408*sode  lieges  ere  locited  ie  Oppeidix  C,  sectloi  G.4.2. 

4.3.3.  Testiig  vith  500-iode  relitive  seiples. 

The  erchitectore  ised  to  geoerite  this  letoort  is  as  follovs: 

Layer  0  Layer  1  Layer  2 

(looer  Layer)  —  >(ll1ddle  Layer) - >(0oter  Layer) 

500  lodes  45  lodes  500  lodes 

Iiage  Size:  (25  x  20)  (5  x  9)  (25  x  20) 

lloct  Patten;  (5  x  4) 

Overlap:  (0,2) 

Six  of  the  iioi-traifliag  saiples  prodiced  a  patten  siiilar  in  shape,  location  of  center,  and 
orientation  to  the  corresponding  clean  iiage.  Recirsion  vorsened  the  appearance  for  lost  of 
these  iiages.  FSR  valies  generated  for  the  propagated  iiages  range  froi  0.0121  to  1.353,  vith 
the  recnrsion  saiples  ranging  froi  0.0260  to  1.414.  The  partial  patterns  prodiced  the  highest 
FSR  valnes;  if  these  iiages  oere  not  taken  into  accovnt,  the  highest  FSR  valne  generated  wonid  be 
0.3073.  The  net  snccessfnily  filtered  noise  froi  the  iiages  for  all  of  the  training  files,  ehich 
eere  correct  in  orientation,  location  and  shape;  bat  recirsion  vorsened  their  appearance.  The 
range  of  FSR  valies  range  froi  0.0104  to  0.2031. 

Orayscale  iiages  generated  for  500*iode  iiages  are  located  in  Ippendix  C,  section  C.4.3. 

4.3.4.  Testing  lith  600-node  relative  saiples. 

The  erchitectore  ised  to  generate  this  netiork  is  as  follovs: 

Layer  0  Layer  1  Layer  2 

(Inner  Layer)  —  >(lliddle  Layer) — >(0iter  Layer) 

600  lodes  45  lodes  600  lodes 

Iiage  Size:  (25  x  24)  (5  x  9)  (25  x  24) 

Hock  Pattern:  (5  x  0) 

Overlap;  (0,6) 

For  all  bit  one  of  the  non-training  saiples,  the  net  did  not  filter  enoigh  noise  to  prodice  a 
clean  pattern,  nor  did  recirsion  iiprove  the  iiage.  The  FSR  valies  for  loi-traiiiig  saiples 
range  froi  0.2358  to  1.6329.  In  soie  cases  the  FSR  valie  generated  froi  noisy  vs.  clean  iiage 
coiparisoi  was  lover  than  the  FSR  valie  generated  froi  propagated  vs.  clean  iiage  coiparison. 
The  net  did  filter  noise  froi  all  of  the  trailing  saiples  to  prodice  iiages  vith  correct 
orientation,  location,  and  shape.  The  FSR  valies  generated  for  the  training  sets  range  froi 
0.0137  to  0.2990,  vith  lost  of  the  valves  less  than  0.025. 

(ray-scale  iiages  generated  for  600-node  iiages  are  located  in  Ippendix  C,  section  C.4.4. 

4.4.  Resilts  of  experiients 
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4.4.1.  Siiiiir;  of  siiples  ii  tke  triiiiig  sets. 


Vitk  fee  exceptiois,  tke  iiiber  of  lodes  1i  eick  exiiples  oitkii  tke  tniiiog  sets  Is  irreleviit 
vkei  fiUeriig  loisy  dete.  Only  ote  propigitioi  Is  regiired  to  prodice  tke  desired  iitge,  bot 
recirsioi  iiy  be  used  if  tke  net  kis  trooble  filteriig  loise.  lo  sock  i  cise  oie  retirsioi 
operitioi  skoild  be  ised  or  else  tke  let  vill  lot  be  ible  to  filter  loise  veil  eioegh  to  prodice 
1  cleeo  iiige. 

4.4.2.  Siiiir;  of  siiples  ii  the  ooi-triiiing  sets. 

Ii  lost  cises  tke  net  filtered  enoigh  noise  to  prodice  n  pitteri  siiilir  in  skipe,  orieitation, 
lid  location  of  center  to  that  of  the  clean  iiage.  If  recirsioi  las  ised,  only  one  iteration  las 
reqiired.  lone  of  the  partial  iiages  lere  siccessfilly  filtered  by  the  net.  Tke  saiple  size 
that  prodiced  the  best  resilts  consisted  of  500  nodes. 

4.4.3.  Siiiary 

Vitkin  tke  size  range  stidied,  for  tke  size  of  tke  iinge  coistititiig  a  trailing  set,  tke  net 
lill  filter  noise  to  prodice  an  iiage  correct  in  shape,  orieitation,  and  location  of  center.  As 
for  tke  iiage  data  that  late  ip  the  noi'training  set.  tke  net  perforied  best  nsing  SOO'iode 
saiples.  To  test  the  siccess  of  filtering  noise  froi  saiple  data,  it  is  critical  that  tke  lost 
iiportant  pattern  of  iiterest  (i.e.  the  ellipsoid)  skoild  be  centered  in  the  liddle.  In  other 
lords,  the  lore  there  is  of  a  pattern  for  tke  net  to  recognize,  tke  better  the  chance  of  the  net 
to  correctly  reprodice  that  patten.  For  lost  cases,  recirsioi  lorseied  tke  appearance  of  those 
iiages  that  lere  part  of  the  training  set  bit  lay  iiprove  tke  appearance  of  loi'traiiiig  iiages. 

5.  COICIUSIOIS 

5.1.  Developing  a  leiral  letiork  arckitectire 

To  siiiirize,  the  developieit  of  a  neiral  net  arckitectire  consists  of  the  folloiiig  steps: 

a)  Constrict  a  training  set  of  saiples  of  egial  size,  ikere  each  saiple  represents  data  for  an 
infiltered  iiage  and  an  iiage  lithoit  noise. 
b|  Create  and  train  the  leiral  letiort  to  tke  loiest  possible  error  constraint. 

c)  Save  tke  leigkts  created  diring  training  to  a  file. 

d)  Test  by  propagating  saiples  throigk  tke  leiral  net.  These  saiples  ley  consists  of  those  ised 

in  tke  trailing  set  and  those  tkat  are  not.  Tke  iiages  of  tke  propagated  patterns  skoild 

be  generated  nsing  a  grey'scile  prograi  and  the  resilts  visially  coipared  litk  tke  clean 
iiage. 

e|  tefore  increasing  tke  size  of  tke  training  set  save  the  leights  generated  by  the  leiral  net  to 
a  leigkt  file.  Tke  data  file  containing  tke  training  set  can  «ily  be  lodified  oitside  of 
lETS. 

f)  Increase  tke  size  of  the  trailing  set  by  one  saiple.  This  skoild  enable  the  leiral  let  to 
lean  lore  pattens. 

g|  lefore  retraining  tke  netiork  it  is  iiportant  to  load  tke  leigkt  file  saved  froi  tke  previois 
experiieit. 

After  deteriiiiig  koi  laiy  saiples  skoild  be  in  tke  trailing  set  it  is  iiportant  to  select  tke 

netiork  arckitectire  that  lill  prodice  tke  best  resilts.  Tke  above  description  skoild  kelp 

clarify  tke  process. 


•I 
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S.2.  Coiclisiois  drill  froi  experiicits 

Sevcril  coiclisioi  cii  be  dnvi  froi  these  experiieits. 

i)  A  iitrlx  irchitectvre  coisistiig  of  oie  eiddle  leper  shoild  be  ised  to  filter  loisp  diti.  Tbe 

sire  of  tbe  iiige  diti  ised  to  test  iid  treii  tbe  leiril  letiort  sboild  coisist  of  300, 

400,  SOO,  or  600  lodes. 

b)  luges  based  oi  relitive  scile  sboild  be  used  to  trail  aid  test  tbe  leiril  let  for  this 

applicitioi. 

c)  Kith  regard  to  those  iiages  ised  ii  the  triiiiig  set  aid  filtered  throigh  a  trailed  leoril 

let,  the  iiiber  of  lodes  ii  each  siiple  is  irreleviit.  The  leiril  let  «i11  filter  loise 

to  prodice  ii  iiige  correct  ii  orieititioi,  location  aid  shape  to  the  correspoidiig  cleii 
iiige.  The  oilp  viy  that  the  trailed  let  can  recogiire  a  specific  pattern  is  to 
incorporate  that  pattern  as  part  of  the  triioiig  set. 

d)  The  S00*node  size  provided  the  best  resilts  lith  ion*triiiiig  exiiples. 

e|  If  the  neiril  net  had  troible  filtering  noise  to  prodice  a  cleii  iiige,  and  if  the  sibject 
exiiple  iis  lot  part  of  the  trailing  set,  recirsioi  ii;  help  generate  an  iiige  lith  the 
correct  orieititioi,  location,  aid  shape.  Oilp  one  propigitioi  is  regiired  to  provide  a 
better  resolitioi  for  iij  particilir  exaiple.  Aecirsioi  of  siiples  ised  in  the  training 
set  oily  vorseis  tbe  appearance  of  the  iiige. 
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Appeidix  1:  Teriiflolog; 

This  ippeidix  provides  oily  the  lioiiii  eipliittioi  leeded  to  understiid  the  iiteriil  preseited 
io  this  report.  For  tore  iiforiitioo  coisiU  the  lETS  Iser's  Slide  ((ersioi  2.1). 

h.I.  Oefiiitiois 

biis  -  1  biis  vilue  ire  weight  vilues  ised  to  offset  (beice  'biis')  the  oitpit  vilie  of  i  lode. 

cycles  ■  represents  the  iiaber  of  tiies  the  triiiiig  set  presents  itself  betieei  leirois  to 
settle  into  i  stible  pattern  in  order  to  collect  or  classify  iipit  pattens. 

error  *  represents  the  difference  betieei  the  cirreit  state  of  the  letiork  aid  the  desired  state 
to  prodice  a  fanctioo  (sii  of  sqiared  errors)  ntilized  to  perfori  the  gridieit  descent  to 
change  the  weights  of  the  letwort. 

FSR  (Fraction  of  Sqoarec  Residials]  *  a  scale-invariant  aethod  nsed  to  aeasire  the  qiality  of  an 
iaage.  Two  ir:it  files  are  used  to  generate  this  value,  if  the  FSR  generated  is  equal  to 
lero,  then  the  filtered  saaple  is  an  exact  aatch  of  the  clean  saaple. 

The  eqiatioo  for  FSR  is  developed  as  follows: 

let  2(i),  i  •  1,  ....  a  represent  the  ooise-free  patterns,  and  ZJi),  i  *  1,  ...  a 
represent  the  noisy  pattens. 

Define  the  following  iixiliary  variables: 
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globil  *  refers  to  settiig  specific  loieiitoi.  leiriiig,  led  veigkt  vilies  for  til  lipers  of  i 
Mirtl  let. 

iitge  *  refers  to  t  pictorti  reproseititioi  of  iiigt  diti.  (See  defiiitioi  below.) 

iotge  diti  •  refers  to  t  diti  file  of  sciled  vtlies  iidexed  betveei  0  iid  1.  Ittge  diti  files 
ire  used  b;  IET$  to  set  ip  trilling  files  iid  for  testiig  boi  siccessfillj  the  leortl 
letuort  letried. 

Iiyers  (ilso  cilled  slibs)  *  refers  to  i  groipiig  of  ledes.  Ii  this  experiieit  tbe  leirtl 
letuorts  used  will  hive  ti  iipit  lijer.  to  oitpit  leper,  iid  oie  or  lore  liddle  (or 
hiddei)  lepers.  The  iipit  Itper  preseits  the  stiiili  to  coiieice  trtiiiig  of  the  letuort 
iid  the  output  leper  deteriiies  the  letoork's  respoise. 

leerniig  ■  the  letuort  ichieves  letriiig  bp  chiiges  ii  the  weight  vilues. 

letmiig  rtte  *  this  ptriieter  is  ised  to  chiige  the  coiiectioi  strengths  (i.e.  the  weights) 
between  the  nodes. 

locil  *  refers  to  setting  loieitii,  leerning,  end  weight  vilies  for  specified  lepers  of  i  leurel 
net. 

loieitiw  -  enhiices  the  speed  of  leerung  bp  iddiig  in  pest  effect  of  weight  cheiges  to  prodice 
siiiler  elteretiois  in  e  weight,  biildiig  ip  e  collective  ■oientii  to  cheige  the  vilie  of 
the  weight  lore  ripidip. 

node  (ilso  celled  e  processing  eleieit,  pixel  or  newroi)  *  the  bisic  processor  of  e  leirel 

network  roighip  iiilogois  to  e  biologicel  leirei.  The  node  celciletes  iicoiiig  coiiectioi 
Vilues  to  cilculite  its  oitpit  through  the  ise  of  soie  threshold  scheie. 

overlip  -  refers  to  overleppiig  pitteri  irees  when  leppiig  e  group  of  nodes  froi  oie  leper  oito  e 
siigle  node  in  eiother  (see  pettern). 

petteri  -  refers  to  pettern  erees  of  ei  incoiiig  (oiter)  leper  beiig  lepped  es  i  groip  oito  e 
single  lode  of  the  cirreit  (inner  or  lext)  leper. 

propegetioi  *  this  is  the  process  of  tetiig  e  loisp  iiege  through  e  treiied  let  end  filtering 
loise  to  prodice  ei  iiege,  i.e.,  celciletioi  of  output  froi  iipit. 

recursion  *  refers  to  the  process  of  refilteriig  ei  iiege  previoisip  propegeted  through  the  let 
bp  propigitiig  this  iiege  throigh  the  net  oic  lore  tiie. 

teichiig  (or  treiiiig)  -  refers  to  presenting  e  set  of  dote  to  e  leirel  letwort,  where  this  dite 
will  ciise  the  weight  vilies  of  the  network  to  cheige  ii  respoise  to  the  iipit. 

weight  (else  celled  coiiectiois)  *  e  velie  which  represeits  the  coiiectioi  cerrpiig  the 
electricil  between  nodes. 

h.2.  Expliiitioi  of  litrix  ferietioi  ii  leireT  lets 

The  lETS  progrei  periits  i  letrix  irchitectwre  to  be  creeted  ii  which  e  2*b  iipit  errep  is 

orgeiired  iito  2*0  blocks  for  the  pirpose  of  lekiig  coiiectiois  to  eech  of  the  oodes  of  the 
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■  iddle  liyars.  Tkt  process  of  'blocUig'  iovolves  seven]  piriieters; 

I||-  *  Tie  iiiber  of  ro«s  to  tke  iipit  pitteri. 

bitten  *  ■■■bf  of  rovs  per  block 

Cerlao  *  ii>ber  of  rov  eleieits  overlipped  ii  idjiceit 

*  blocks 

■  The  iiiber  of  roo-oise  blocks 

T||^.  *  The  Iiiber  of  colviis  ii  tke  iipit  pitteri. 

bitten  ‘  oonlior  of  colons  per  block 

foverlio  *  Riiber  of  colons  eleieots  overlipped  io  idjiceit 

^  blocks 

*  The  loiber  of  colin-iise  blocks 

For  tke  loieot  coisider  oily  oie  rov  of  blocks.  To  eviliite  the  iiiber  of  colon  blocks 
recogiize  tbit  the  Yl;.  colons  io  the  patten  list  eqiil  Uttcri  * 

either  the  first  or  ne  list  -  plis  ooi*over1ippiog  eleieots  io  each  of  the 

other  blocks.  This, 


^ig  *  bitten  *  I  pitteri  *  ^verlipl*!^  siilT 


Of  coirse,  Y  is  ii  ioteger,  so  that  oily  certiii  vilies  of  Y 
to  preserve  toe  above  ioteger  egiility.  Froi  (1), 


patten 


lid  Ygyg^^jp  cai  be  chosen 


Null  *  ^  *  ^'^big*  '^patteril^^^atten ’  '^overlapJ 

The  ooiber  of  colin-vide  blocks  is  giveo  by  egiatioo  (2).  For  exaiple,  if  there  are  Y >  5 
colons  io  the  iipot  pattern  iitrix,  oie  feasible  blockiig  is  the  folloviog; 


Ypitteri  '  ^  eleieots  per  block  vith 
Ypveriio  '  f  cleieot  overlap,  resiltiig  io 
Yg,p^^  •  2  colon  blocks. 

hll  of  tke  above  irgiieits  leidiig  to  eqiitioi  (2)  apply  as  veil  to  rovs,  vith  tke  sibstititioi 
of  'rovs'  for  'colons'.  This  derivitioi  leads  to 


*siall  *  *  *  I*  big*  "pattero^^^* patten ’  *overlap^’ 

vkere  Hpittcn  ^overlap  **  ioteger  .  Sioce,  there  are  rov* 

vise  blocks  aid  Y  j,p]^co iin-vise  blocks,  the  total  aiiber  of  iiddle  layer  oodes  (11)  is  gives  by 

*'  *  'iiall  *  ^siall’ 

each  liddle-liyer  sode  beiog  collected  to  each  eleieot  io  jist  ooe  block. 

To  siinrize,  the  fornlis  ised  as  a  glide  to  the  relative  diieisioos  betveeo  the  big  aid  siill 
layers  aid  tke  patten  aid  overlap  area  iodide: 

*big '  Soften  *  ^*p*tteri'  *  overlap^*^’^iair*^ 

and 

Sig  *  Satteri  *  ^Satteri*  overlapI*^\iair*' 
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A. 3.  (eieril  operitiois  of  lETS  ised  during  stidios 

Oice  «  oetvork  pitteri  kis  beeo  creited,  the  lETS  progrii  uj  be  opented  folloeiig  these 
seqveice  of  pitteres: 

A. 3.1.  Creite. 

Select  'c'  free  the  lETS  iiio  leio  to  creite  i  eeteorh  led  enter  the  folloiing  inforiition: 

1)  liie  of  file  vith  net  conf igorition. 

2)  Enter  iixiini  neight  viloe  (use  definlt) 

3)  Enter  liniiut  neight  vilue  (use  defiult) 

4)  Use  1  globil  leirning  rite  (insner  Tes) 

5)  Enter  globil  leirning  rite  (ose  definlt) 

6)  Use  1  globil  loientui  (insner  Tes) 

1]  Enter  i  globil  loieitua  (use  defiult) 

8)  Use  biises  in  netnort  (insner  lo) 

A. 3. 2.  Initiilize. 

Select  'i'  froi  the  lETS  iiin  aeni  ind  enter  the  me  of  the  triining  file. 

A. 3. 3.  Triin. 

Select  't*  frot  the  lETS  iiin  leno  to  triin  the  netnort.  Enter  the  desired  constriint  error,  the 
desired  nuiber  of  cycles,  ind  the  cycle  increient.  Vhen  the  iix  error  vilne  converges  to 
1  viloe  less  thin  or  eguil  to  the  constriint  error  before  coapleting  the  desired  nuaber  of 
cyclos,  the  netnort  is  considered  to  be  triined. 

A. 3. 4.  Siving  ind  Restoring  neigkts. 

After  triining  the  net,  it  is  iaperitive  to  sive  the  connections  betneen  the  nodes  beciise 

triining  netnorts,  especiilly  lirge  ones,  cm  often  tote  i  lot  of  tiie.  These  connections 
*  cilled  neigkts  ■  generited  by  the  nenril  set  aiy  be  sived  into  i  speciil  types  of  files. 
To  sive  the  neigkts,  select  's'  froa  the  lETS  aiin  aeon  ind  enter  the  niae  of  the  file. 
There  ire  tno  file  foraits  iviilible  for  nse.  The  first,  nhick  ends  in  .fat,  ises  i 
biiiry  forait  for  i  fist  sive  bit  is  iireidible  is  text  forait.  The  second,  .pit,  ire 
portible  forait  neight  files  reidibte  in  text  forait.  These  tno  type  of  files  ire  sot 
coapitible  nith  one  mother.  To  ivoid  coifssioi,  lETS  libels  eick  of  these  files  such 
thit  it  cm  check  it  rnn  tiae  thit  the  fileniae  specified  aitches  the  forait  desired. 

To  restore  the  neigkts  (prior  to  triining  i  netnort),  select  'r'  froa  the  lETS  aiin  aeni  end 
enter  the  niae  of  the  file.  Restoring  the  neigkts  into  i  nenril  net  is  pirticilirly 
isefil  nken  increising  the  nnaber  of  siaples  in  the  triining  set. 

A.3.S.  Propigite 

Select  'p'  froa  the  lETS  aiin  aeon  to  filtir  tko  inpnt  diti  tkroigk  the  net.  Enter  the  niae  of 
the  file  coitiining  the  inpnt  diti,  press  retire  tiice,  ind  enter  the  niae  of  the  file 
coitiiiing  the  remits  of  the  propigitioi.  This  file  is  nsed  by  the  griy  scile  progria  to 
prodice  i  coaposite  picture  of  the  filtered  iaige.  nhick  cm  be  visnilly  coapired  nith  the 
clem  version  of  the  sue  iaige.  If  the  ressltiig  picture  is  not  cleir,  this  siae  file 
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cii  ilso  be  istd  is  tke  iipit  diti.  Tke  process  of  geieritiig  iiotker  iiige  bised  ipoi 
iepit  diti  previoisly  geierited  by  tke  let  is  celled  recirsioi.  Recirsioi  is  isefel  ii 
eokiiciig  tke  qielity  of  the  iiege. 

k.3.6.  Siviig  soiree  code. 

lETS  provides  ii  optioi  to  geierite  delivery  code  of  i  trailed  leiril  letiort  file  for 

portability.  To  geierate  coipiter  code  select  'g'  froi  the  lETS  laii  leii  aid  eater  the 
laie  of  tke  file  to  store  the  code.  Tke  geierated  code  lill  be  irittei  ii  tke  C 
prograaiiag  laagiige. 

11.4.  Relative  aid  absoTite  scales  of  leisures. 

The  absolite  scale  of  leisure  refers  to  scaliig  all  iiages  to  oie  scale  uhile  tke  relative  scale 
refers  to  scaliig  each  iiage  nsiig  its  on  raige:  *  T|^,.  The  folloiiig  eqiatioi  is 

used; 

^a.ked•  IVtial  *  W'(^ax  *  W  ‘ 

ihere  is  a  niieric  valie,  T_  is  the  highest  valie  represeated  by  the  iiage  aid  is 

the  Iciest  valie  represeated  by  the  iiage.  Rs  aa  exaiple,  sippose  there  are  three  iiages 
that  are  to  be  ised  ia  a  aeiral  aetiort  experiieat,  ihere  each  iiage  coasists  of  a  certaia 
aiiber  of  pixels  aad  each  pixel  is  represeated  by  a  aiiber.  If  the  absolute  scale  las  to 
be  ised,  the  laxiiii  valie  loild  be  the  highest  valie  fond  ia  all  three  of  the  iiages  aid 
the  liiiiii  value  loild  be  the  loiest.  If  relative  sc'  «  las  used,  each  pixel  ia  each 
iiage  loild  be  adjisted  accordiig  to  the  laxiiii  aid  i  .tin  values  ia  each  iiage. 
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tppddix  I.  lETS  irckitectires  ised  ii  exptriieits 

Tkisc  irckitectires  lere  developed  isii(|  tke  felleiiet  eqiitiois: 

Jiig  *  Jpetteri  *  jjpetteri  *  J  overlepj*UieirJ j 
'big*  Vtteri  *  'Sitteri  ‘  NverlepI  ‘sieir*’ 

Tkese  foriilis  serve  is  i  glide  to  cilcilite  tke  pitteried  coooectioi  sckeie  betieei  tke  iipit  iid  liddle 
liyers.  Tke  pitteri  trees  refer  to  tke  iippiig  of  i  groip  of  pixels  froi  oie  lijer  oito  i  siigle 
lode  of  iiotker  1i;er.  Tke  overlip  trees  refer  to  tke  overltppiig  of  pttteri  irets  litk  oie 
iiotker,  tid  tkis  overltp  iiy  occir  ii  either,  or  botk,  the  1  tod  T  diieisiois.  k11  viritbles 
tre  expressed  ts  iitegers.  1111  of  tke  iipit  Ityer,  oitpit  liyer,  liddle  lijer,  pttteri,  ted 
overltp  diieisiois  lere  cticiitted  isiig  tkis  eqiitioi. 

1.1.  3-siip1e  SQO'pixel  irckitectires 

Tkese  trckitectire  lere  tested  diriig  tke  developieit  of  tke  S80*pixe1  irckitectire  isiig  i  triiiiig  file 
of  tkree  stiples.  kll  iipit  tid  oitpit  lifers  represeit  the  loisf  tid  cleti  iiiges, 
respectively,  tid  tre  500  pixels  ii  size  (25  pixels  lide  by  20  pixels  loig).  kll  letriiig  tiies 


ire  expressed 

ii  secoids: 

llsiig  1  liddle  Ityer; 
Triiied  litk  bits: 

Iipit 

Ltyer  1 

Oiter 

nix  Error 

:  0.197 

Iitge  Size: 

25  X  20 

5  i  7 

25  X  20 

tns  Error 

:  0.050 

(lock  Pittero: 

(5.8) 

Cycles 

:  24 

Overltp: 

(8.0) 

leiriiig  Tiie 

:  105.0 

Triiied  litk  tid  litkoit  bits: 

Iipit 

Ltyer  1 

Otter 

Inge  Size: 

25  X  20 

7  1  5 

25  X  20 

Hock  Pttteri: 

(7.0) 

Overltp: 

(0.0) 

Oiiber 

Leiriiig 

Ktx  Error 

RIIS  Error 

of  Cycles 

Tiles 

litk  bits: 

0.102 

0.059 

23 

90.0 

litkoit  bits: 

0.102 

0.059 

23 

142.0 

Others  ised: 

Iipit 

ltyer  1 

Oiter 

Iitge  Size: 

25  X  20 

5  17 

25  X  20 

Olick  Pitteri: 

(8.8) 

Overltp: 

(5.0) 
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Usiig  2  liddle  lijers: 
Triiied  vith  bii$: 


Inge  Size: 

Iipit 

25  X  20 

Liyer  1 

5  X  7 

Heck  Pettere: 

(5.81 

(2.31 

Qverlip: 

(0.6) 

(1.21 

Iiige  Size: 

Iipit 

25  X  20 

Lijer  1 

5  X  7 

Hock  Pittere: 

(9.81 

(1.31 

Overlip: 

(5.61 

(0.21 

Iiige  Size: 

Iipit 

25  X  20 

Liyer  1 

5  X  7 

Hock  Pitteri: 

(5.81 

(3,21 

Overlip: 

(8.61 

(2.11 

Inge  Size: 

Iipit 

25  X  20 

Liyer  1 
5  X  7 

Hock  Pikteri: 

(5.81 

(3.11 

Overlip: 

(0.61 

(2,01 

Triiied  eikhoit  biis: 

Inge  Size: 

Iipit 

25  X  20 

liyer  1 
5  X  7 

Hock  Pikteri: 

(5.81 

(1.31 

Overlip: 

(0.61 

(8.21 

Inge  Size: 

Iipit 

25  X  20 

Liyer  1 
5  X  7 

Hock  Pikteri: 

(5.81 

(2.61 

Overlip: 

(0.6| 

(1.31 

Inge  Size: 

Iipit 

25  X  20 

liyer  1 
5  X  7 

Hock  Pikteri: 

(5.81 

(2.31 

Overlip: 

(8.61 

(1.21 

Inge  Size: 

Iipit 

25  X  20 

Liyer  1 
5  X  7 

Hock  Pikteri: 

(9.81 

(2.31 

Overlip: 

(5.61 

(1.21 

Inge  Size: 

Iipit 

25  X  20 

liyer  1 
7  X  5 

Olock  Pikteri: 

(9.61 

(3.21 

Overlip: 

(6.81 

(2.11 

Inge  Size: 

Heck  Pikteri: 

Overlip: 

Iipit 

25  X  20 
(9.61 
(6.01 

Liyer  1 
7  X  5 
(3.11 
(2.81 

liyer  2 

Oiter 

Hex  Error 

0.107 

4  X  5 

25  X  20 

OnS  Error 

0.060 

Cycles 

90 

Leiriiig  Tiie 

273.0 

Liyer  2 

Oiter 

llix  Error 

0.193 

5  X  5 

25  X  20 

OHS  Error 

0.067 

Cycles 

09 

Leiriiig  Tiie 

334.0 

Liyer  2 

Oiter 

Rex  Error 

0.190 

5  X  4 

25  X  20 

ins  Error 

0.066 

Cycles 

95 

Leiriiig  Tin 

302.0 

Liyer  2 

Oiter 

flix  Error 

0.198 

5  X  5 

25  X  20 

OnS  Error 

0.055 

Cycles 

52 

Leiriiig  Tin 

109.0 

Liyer  2 

Oiter 

Rix  Error 

0.197 

5  X  5 

25  X  20 

RRS  Error 

0.058 

Cycles 

49 

Leiriiig  Tin:  149.0 

Liyer  2 

Oiter 

Rix  Error 

0.197 

4  X  4 

25  X  20 

RRS  Error 

0.051 

Cycles 

45 

Leiriieg  Tin 

118.0 

Liyer  2 

Oiter 

Rix  Error 

0.199 

4  X  5 

25  X  20 

RRS  Error 

0.044 

Cycles 

81 

leiriiig  Tin 

222.0 

liyer  2 

Oiter 

Rix  Error 

0.196 

4  X  5 

25  X  20 

RRS  Error 

0.065 

Cycles 

65 

Leiriiig  Tin 

288.0 

liyer  2 

Oiter 

Rix  Error 

0.188 

5x4 

25  X  20 

RRS  Error 

0.077 

Cycles 

43 

Leiriieg  Tiie:  133.0 

Liyer  2 

Oiter 

Rix  Error 

0.199 

5  X  5 

25  X  20 

RRS  Error 

0.063 

Cycles 

30 

Leiriiig  Tin 

110.0 

e-2 


Iiigt  Silt: 
lUtI:  fitttri: 
Ovirlip: 


Tniied  lithoit  biases  (coitiiied): 


Iipit 

Layer  1 

Layer  2 

Oiter 

Rax  Error 

0.115 

Inge  Size; 

25  X  20 

7  X  5 

4  X  4 

25  X  20 

OHS  Error 

0.060 

Mock  Pitteri: 

(/.♦I 

(9,2) 

Cycles 

34 

Overiip: 

(♦.0) 

(3.1) 

Leaniig  Tiie: 

81.0 

Trilled  vitk  iid  eitboit  bias: 

lopet 

Layer  1 

Layer  2 

Oeter 

Iiage  Size: 

25  X  20 

5  X  7 

5  X  4 

25  X  20 

llock  Patten: 

(5.0) 

(1.9) 

Overlap: 

(0.6) 

(0.3) 

liiber 

Leariiig 

Nix  Error 

INS  Error 

of  Cycles 

T  ills 

vith  bias: 

0.115 

0.052 

44 

155.0 

vitboet  bias: 

0.102 

0.051 

46 

164.0 

lopit 

Layer  1 

layer  2 

Oeter 

Inge  Size: 

25  X  20 

5  X  7 

5  X  4 

25  X  20 

Hock  Patten: 

(9.8) 

(1.9) 

Overlap: 

(5.6) 

(0.3) 

litber 

Leiniig 

Hax  Error 

(NS  Error 

of  Cycles 

Tiles 

eitb  bias: 

0.110 

0.088 

06 

275.8 

litboit  bias: 

0.111 

O.OM 

H 

222.0 

Iipit 

Layer  1 

Layer  2 

Oeter 

Iiige  Size: 

25  X  20 

5  X  7 

4  X  4 

25  X  20 

Hock  Patten: 

(9.8) 

(2.9) 

Overlap: 

(5.6) 

(1.3) 

liiber 

leaniig 

Hax  Error 

RRS  Error 

of  Cycles 

Tiles 

litb  bias: 

0.118 

8.073 

10 

277.0 

oitboit  bias: 

0.112 

0.068 

64 

101.0 

Others: 

Iipot 

Layer  1 

layer  2 

Oiter 

Iiige  Size: 

25  X  20 

7  X  5 

4  X  5 

25  X  20 

Hock  Patten: 

(7.9) 

(9,1) 

Overlap: 

(9.0) 

(3.0) 

- 

Osiog  3  liddle  layers  (loie  siccessfilly  coiverged^: 

Iipit 

Layer  1 

Layer  2 

layer  3 

Oiter 

liage  Size: 

25  X  20 

5  X  7 

5  X  4 

2  X  2 

25  X  20 

Olock  Patten: 

(5.0) 

(1.9) 

(3.2) 

Overlap: 

(0.6) 

(0.3) 

(1.0) 

B-3 


Usiig  3  liddle  liters  (coitiiied): 

• 

Iipit 

Layer  I 

Layer  2 

Layer  3 

Oiter 

Inge  Size: 

25  t  20 

5  X  7 

5  X  5 

2  X  2 

25  X  20 

Heck  Pitteri: 

(5.0) 

(1.3) 

(3.3) 

Overlip: 

(0.6) 

(0.2) 

(1.0) 

lapit 

Layer  1 

Layer  2 

Layer  3 

Oiter 

Iiige  Size: 

25  X  20 

5  X  7 

4  X  4 

2  X  2 

25  X  20 

Mock  Pitteri: 

(5.8) 

(2.4) 

(2.2) 

Overlap: 

(0.6) 

(1.3) 

(0.8) 

Iipit 

Layer  1 

Layer  2 

Layer  3 

Oiter 

Iiige  Size: 

25  X  20 

5  X  7 

4  X  5 

2  X  2 

25  X  20 

tiock  Pitteri: 

(5.8) 

(2.3) 

(2.3) 

Overlap: 

(0.6) 

(1.2) 

(0.1) 

Iipit 

Layer  1 

Layer  2 

Layer  3 

Oiter 

Iiage  Size: 

25  X  20 

5  X  7 

5  X  4 

2  X  2 

25  X  20 

Hock  Patten: 

(0.8) 

(1.4) 

(3.2) 

-  Overlap: 

(5.6) 

(0.3) 

(1.0) 

Iipot 

Layer  1 

Layer  2 

Layer  3 

Oiter 

Iiage  Size: 

25  X  20 

5  X  7 

5  X  5 

2  X  2 

25  X  20 

Hock  Patten: 

(0.8) 

(1.3) 

(3.3) 

Overlap: 

(5.6) 

(0.2) 

(1.1) 

• 

Iipit 

Layer  1 

Layer  2 

Layer  3 

Oiter 

Iiage  Size: 

25  X  20 

5  X  7 

4  X  4 

2  X  2 

25  X  20 

Hock  Patten: 

(0.8) 

(2.4) 

(2.2) 

Overlap: 

(5.6) 

(1.3) 

(1.0) 

Iipit 

Layer  1 

Layer  2 

Layer  3 

Oiter 

Iiage  Size: 

25  X  20 

5  X  7 

4  X  5 

2  X  2 

25  X  20 

Olock  Patten: 

(0.8) 

(2.3) 

(2.3) 

Overlap: 

(5.6) 

(1.2) 

(0.1) 

Iipit 

Layer  1 

Layer  2 

Layer  3 

Oiter 

Iiage  Size: 

25  X  20 

7  X  5 

5  X  4 

2  X  2 

25  X  20 

Hock  Patten: 

(?.♦) 

(3.2) 

(3.2) 

Overlap: 

(0.0) 

(2.1) 

(1.0) 

Iipit 

Layer  1 

layer  2 

layer  3 

Oiter 

Iiage  Size: 

25  X  20 

7  X  5 

5  X  5 

2  X  2 

25  X  20 

Olock  Patten: 

(7.4) 

(3.1) 

(3.3) 

Overlap: 

(4.0) 

(2.0) 

(l.l) 

Iipit 

Layer  I 

layer  2 

layer  3 

Oiter 

Iiage  Size: 

25  X  20 

7  X  5 

4  X  4 

2  X  2 

25  X  20 

Hock  Patten: 

(7.4) 

(4.2) 

(2.2) 

Overlap: 

(4.0) 

(3.1) 

(0.0) 

• 

B>4 

Uslig  3  liddle  liyers 

Inge  Size: 

Hock  Pitteri: 
Overlip: 


(coitiiied): 

Iipit  Leper  1 
2S  X  20  7x5 
(7.0)  (4.1) 
(4.8)  (3.0) 


Leper  2  Leper  3  Oiter 
4x5  2x2  25  X  20 
(2.3) 

(Q.l) 


1.2.  5*$eip1e  500*pixe1  erckitecteres 


Tkese  erckitecteres  eere  tested  derieg  tke  developieet  of  tke  500-pixel  erckitectere  esieg  e  treieiig 
file  of  five  seiples.  411  iipit  eed  oitpit  lepers  represeet  tke  eoisp  eed  cleee  iieges.  respectivelp, 
end  ere  500  pixels  in  size  (25  pixels  vide  bp  20  pixels  long): 


Using  1  liddle  leper: 
Treined  eitk  bieses: 


Inpnt 

Leper  1 

Onter 

Hex  Error 

0.100 

liege  Size: 

25  X  20 

5  1  9 

25  X  20 

Oils  Error 

0.054 

Hock  Pettern: 

(4.4) 

CpcIes 

38 

Overlep: 

(5.2) 

Leerning  Tiie 

330.0 

Inpet 

Leper  1 

Onter 

Hex  Error 

0.188 

liege  Size: 

25  X  20 

5  1  10 

25  X  20 

tflS  Error 

0.043 

Hock  Pettern: 

(5.2) 

CpcIes 

17i 

Overlep: 

(0.0) 

Leerning  Tiie 

095.0 

Inpnt 

Leper  1 

Onter 

Hex  Error 

0.175 

liege  Size: 

25  X  20 

5  t  10 

25  X  20 

Oils  Error 

0.062 

Hock  Pettern: 

(9.2) 

CpcIes 

130 

Overlep: 

(5.0) 

Leerning  Tiie 

296.0 

Inpnt 

Leper  1 

Onter 

Rex  Error 

0.196 

liege  Size: 

25  X  20 

18  1  5 

25  X  28 

OHS  Error 

0.048 

Hock  Pettern: 

(2.4) 

CpcIes 

43 

Overlep: 

(5.0) 

Leerning  Tiie 

407.0 

Treined  oitbont 

bieses: 

Inpnt 

Leper  1 

Onter 

Rex  Error 

0.100 

liege  Size: 

25  X  20 

5  X  9 

25  X  20 

RHS  Error 

0.039 

Hock  Pettern: 

(5.4) 

CpcIes 

132 

Overlep: 

(0.2) 

Leerning  Tiie 

1043.8 

Using  2  liddle  lepers  (none  snccessfellp  converged): 

Inpnt 

Leper  1 

Leper  2 

Onter 

liege  Size: 

25  X  20 

5  X  9 

4  X  4 

25  X  20 

Hock  fettern: 

(5.4) 

(2.3) 

Overlep: 

(0.2) 

(1.1) 

Inpnt 

Leper  1 

Leper  2 

Onter 

liege  Size: 

25  X  20 

5  X  9 

4  X  4 

25  X  20 

Olock  Pettern: 

(5.4) 

(5.3) 

Overlep: 

(0.2) 

(5.1) 

8-5 


Oiter 
25  X  20 


Usiig  2  lidillc  Ujtrs  (coitiiied): 


Iiigt  Size: 
llocli  Pitteri: 
Overlip: 

Iipit 

25  X  20 
(5.41 
(0.2) 

layer  1 

5  X  9 
(2.5) 
(1.4) 

Layer  2 

4  X  5 

Oiter 

25  X  20 

Iiige  Size: 
llocic  Petteri: 
Overlap: 

Iipit 

25  X  20 
(5.4) 
(0.2) 

Layer  1 

5  X  9 
(5.5) 
(5.4) 

Layer  2 

4  X  5 

Oiter 

25  X  20 

Iiige  Size: 
llock  Patten: 
Overlip: 

Iipit 

25  X  20 
(5.4) 
(0.2) 

Layer  1 

5  X  9 
(1.3) 
(O.l) 

Layer  2 

5  X  5 

Oiter 

25  X  20 

Inge  Size: 
lloct  Petteri: 
Overlap: 

Iipit 

25  X  20 
(5.4) 
(0.2) 

Layer  1 

5  X  9 
(5.3) 
(5.1) 

Layer  2 

5  X  5 

Oiter 
25  X  20 

Iiige  Size: 
llect  Petteri: 
Overlap: 

Iipit 

25  X  20 
(5.4) 
(0.2) 

Layer  1 

5  X  9 
(1.5) 
(0.4) 

Layer  2 

5  X  6 

Oiter 
25  X  20 

liege  Size: 

Meet  Petteri: 
Overlap: 

Iipit 

25  X  20 
(5.4) 
(0.2) 

layer  1 

5  X  9 

(5.4) 

(5.5) 

Layer  2 

5  X  0 

Oiter 
25  X  20 

Iiige  Size: 

Meet  Petteri: 
Overlap: 

Iipit 

25  X  20 
(0.4) 
(5.2) 

Layer  1 

5  X  9 
(2.3) 
(1.1) 

Layer  2 

4  X  4 

Oiter 
25  X  20 

liege  Size: 

Heck  Petteri: 
Overlap: 

Iipit 

25  X  20 
(0.4) 
(5.2) 

layer  1 

5  X  9 
(2.5) 
(1.4) 

Layer  2 

4  X  5 

Oiter 
25  X  20 

liege  Size: 

Hock  Petteri: 
Overlap: 

Iipit 

25  X  20 
(0.4) 
(5.2) 

layer  1 
5x9 
(1.3) 
(fl.l) 

Layer  2 
5x5 

Oiter 
25  X  20 

liege  Size: 

Hick  Petteri: 
Overlap: 

Iipit 

25  X  20 
(0.4) 
(5.2) 

layer  1 

5  X  9 
(1.5) 
(4.0) 

Layer  2 

5  X  6 

Oiter 
25  X  20 
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Usiig  2  liddle  lijers  (coitioied): 


laigt  $1ie: 

Hock  Pittcri: 
Overlip: 

Iipit 

25  X  20 
(5,2) 
(0.0) 

liyer  I 

5  X  10 
(2.3) 
(1.1) 

Liyer  2 

4  X  4 

Oiter 
25  X  20 

Inge  Size: 

Hock  Pitteri: 
Overlip: 

Iipit 

25  X  20 
(5.2) 
(0.0) 

Liyer  I 

5  X  10 
(2.5) 
(l.H 

Liyer  2 

4  X  5 

Oiter 
25  X  20 

Inge  Size: 

Hock  Pitteri: 
Overlip: 

Iipit 

25  X  20 
(5.2) 
(0.0) 

Liyer  1 

5  X  10 
(1.4) 
(0.2) 

Liyer  2 

5  X  4 

Oiter 
25  X  20 

Inge  Size: 

Hock  Pitteri: 
Overlip: 

Iipit 

25  X  20 
(5.2) 
(OH 

Liyer  1 

5  X  10 
(1.5) 
(0.4) 

Liyer  2 

5  X  5 

Oiter 
25  X  20 
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tppeidix  C:  Siiiir;  of  Experiieitil  Rasilts 
C.l.  Toriiioloq). 

For  tke  tibleo  belov,  eicb  colon  beidiog  is  ibbrcviited  osiig  the  follooiig  syibols; 


Sets  (S): 

Size  of  Siiples: 

Orieititioi  of  hole  (0); 

1  -  cien 

308  -  300  pixels 

1  •  Sint  left 

b  ■  propagated 

400  -  400  pixels 

S  *  Straight 

c  ■  1st  recirsioi 

500  -  500  pixels 

R  •  Sint  Right 

d  -  2id  recirsion 

600  -  600  pixels 

1  *  lot  deteriiiible 

locitioi  of  Ceiter  (L): 

Shape  (S): 

T 


Top 
C  -  Colter 
I  -  lottoi 


FSR  -  Frictioi  of  Sgiired  Residiii 
(t|  *  Port  of  triioiig  set 
(ot)  ■  lot  port  of  triieiig  set 

Tke  ictiil  vilies  skoild  look  like  tbis: 


0  •  Ovil 

RQ  -  Roigkl;  Ovel 
R  *  kioebic  (lo  skipe) 
HO  •  Hilf-pvil 
1  *  I'Skiped 


Set  0  L  S 

1  r  C  0 

2  R  C  0 

3  L  C  0 

5  $  C  0 

6  L  C  0 


^  0  L  S 

7  S  f  0 

8  R  C  0 

9  L  C  0 

10  S  C  0 

11  R  C  0 


^  0  L  S 

12  r  C  0 

13  S  C  0 

14  R  C  0 

15  L  C  0 

16  S  C  0 


mo  L  _S_ 
17  R  f  0 

10  L  I  HO 

19  S  I  HO 

20  R  I  HO 


Tkese  sjibols  ire  ised  to  describe  tke  ippeiriice  of  the  iiige  is  geoerited  tkroigh  tke  grej- 
scile  progrii.  Rs  ii  exiiple,  set  1  describes  ii  iiige  tkit  is  orieited  tovird  tke  left,  ihere 
the  ceiter  of  the  iiige  is  locited  is  tke  ceiter  of  tke  pictire,  iid  is  ovil  ii  skipe.  To 
deteriiie  ihetker  i  geoerited  iiige  represeits  tke  den  iiige,  the  syibols  betoeei  the  den  nd 
propigited  iiige  list  iitck.  If  the  propigited  iiige  iitckes  the  den  iiigt  iccordiig  to  tke 
criteria  listed  above,  nd  tke  FSR  vilie  is  less  tkn  0.25,  tkei  tke  let  filtered  eioigh  loise  to 
prodice  tke  shape  of  tke  iiige. 


Tke  charts  bdoo  siiiirizes  the  resilts  of  tke  experiints.  Tke  FSR  vilies  that  ire  lext  to  tke 
descriptioi  of  tke  den  iiige  represeit  the  vilie  geoerited  coipiriig  tke  loisj  oitk  tke  den 
iiige.  ' 


C-1 


Set 

0 

300 

L 

s 

FSR 

0 

1 

400 

s 

FSR 

i 

L 

500 

s 

FSR 

0 

1 

600 

s 

FSR 

li 

L 

(iTt) 

t 

0 

.9155 

L 

t 

Inti 

0 

.9151 

L 

C 

(It) 

0 

.9151 

L 

C 

(It) 

0 

.9453 

b 

L 

C 

0 

.1547 

S 

C 

0 

.6340 

L 

C 

0  ^ 

.1771 

L 

C 

RO 

.3227 

c 

L 

C 

0 

.1259 

SL 

C 

0 

.4250 

L 

C 

RO 

.2002 

L 

c 

0 

.2358 

d 

- 

- 

- 

.... 

L 

C 

0 

.2945 

L 

C 

RO 

.2031 

- 

• 

• 

•••• 

2a 

R 

(ot) 

C 

0 

.  4752 

R 

C 

(It) 

0 

.  4856 

R 

C 

(It) 

0 

.4856 

R 

c 

(It) 

0 

.  5092 

b 

LSR 

c 

OR 

.2052 

SR 

C 

RO 

.3262 

R 

C 

RO 

.1419 

1 

c 

RO 

.9329 

c 

SR 

c 

8 

.1259 

SR 

C 

8R0 

.3258 

R 

t 

0 

.  0574 

L 

c 

RO 

1.2734 

d 

- 

- 

- 

.... 

S 

C 

8 

.  3499 

R 

C 

0 

.0407 

• 

• 

• 

•  •  •  • 

3a 

L 

It) 

c 

0 

.4297 

L 

C 

(t) 

0 

.4693 

L 

C 

(It) 

0 

.  4693 

L 

c 

(t) 

0 

.  4737 

b 

L 

c 

0 

.0117 

S 

C 

0 

.2225 

L 

C 

0 

.0673 

L 

t 

0 

.0137 

c 

L 

c 

0 

.0232 

L 

C 

0 

.1803 

1 

C 

0 

.1118 

L 

c 

0 

.1900 

d 

- 

> 

- 

.... 

L 

C 

0 

.1901 

L 

t 

RO 

.1142 

• 

• 

• 

•  •  •  • 

Sa 

S 

(t) 

t 

0 

.5510 

S 

C 

(t) 

0 

.7000 

S 

C 

(t) 

0 

2.595 

S 

c 

(t) 

0 

.6319 

b 

S 

c 

0 

.0112 

S 

C 

0 

.1699 

S 

C 

RO 

.0126 

S 

c 

0 

.0192 

c 

s 

c 

81 

.0941 

IS 

C 

8R0 

.... 

LS 

C 

RO 

.1450 

s 

Cl 

RO 

2400 

d 

• 

- 

- 

.... 

L 

C 

0 

.... 

1 

C 

RO 

.3529 

• 

• 

• 

•  •  •  • 

6a 

L 

(t) 

c 

0 

.  5505 

L 

C 

(t) 

0 

.6237 

L 

t 

(t) 

0 

.6237 

1 

c 

(t) 

0 

.6540 

b 

1 

c 

0 

.0111 

L 

C 

0 

.1614 

1 

C 

0 

.0123 

L 

c 

0 

.0219 

c 

L 

c 

0 

.0213 

L 

C 

0 

.... 

1 

C 

RO 

.0986 

L 

c 

0 

.0657 

d 

- 

- 

- 

.... 

L 

c 

0 

.... 

1 

c 

RO 

.1386 

• 

• 

• 

•  •  •  • 

7a 

S 

(t) 

c 

0 

.5175 

S 

c 

(t) 

0 

.  5422 

S 

c 

(t) 

0 

.5422 

S 

c 

(t) 

0 

.5540 

b 

s 

t 

0 

.0426 

S 

c 

0 

.2075 

S 

c 

0 

.0258 

s 

c 

0 

.0238 

c 

s 

c 

OR 

.1204 

S 

c 

RO 

.... 

S 

c 

0 

.0339 

s 

c 

RO 

.1104 

d 
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C.2.  Syiiir}  of  siiples  ia  the  triiniag  set 

lised  ipofl  the  shape,  orieetitloe,  end  locetioa  of  the  the  ceater  of  the  cleaa  iiage,  the  aet 
filtered  eaoigh  aoise  to  prodice  aa  iiage  siiilar  to  the  cleaa  iiage  after  oae  propagatioa.  Vith 
a  fee  exceptioas,  oaiy  oae  propagatioa  eas  required. 

C.2.1.  Chart  of  results  froi  traiaiag  set 

The  follouiag  chart  represeats  the  aaiber  of  propagatiois  required  for  the  aet  to  filter  eaough 
aoise  to  produce  aa  iiage.  1  represeats  oae  propagatioa.  2  represeats  oae  propagatioa  aad  oae 


recursioa. 
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C.2.2.  Caaclasieas 

froi 

the 

test 

data: 

Kith  feu  exceptioas,  the  sixe  of  exaiples  uithia  the  traiaiag  sets  does  aot  latter  uhea  filteriag 
aois)  data  froi  iapit  that  is  part  of  the  traiaiag  set.  Oalj  oae  propagatioa  is  required. 
Recarsioa  lay  be  used  oalj  if  the  aet  had  troubte  filteriag  aoise.  la  such  a  case  oae  recarsioa 
operatioa  shoaid  be  used  or  else  the  aet  uill  aever  be  able  to  filter  aoise  to  produce  a  cleaa 
iiage. 


C-4 


C.3.  Siiiir)  of  noi-tniiiog  sots 

listd  ipoR  tke  shape,  orieRtitioo,  iRd  locitioa  of  the  the  ceoter  of  the  cleiR  iiige,  the  oet 
filtered  eeoigh  eoise  to  prodice  ir  luge  siailir  to  the  cleaa  iiige  after  oae  or  tvo 
propagatioRS.  For  laRy  cases  recersioo  lade  a  differeece,  for  others  that  did  eot  latter.  The 
Ret  had  trooble  filteriag  those  liages  ehose  ceoter  appeared  at  the  bottoi  of  the  page  aRd  is 
half-oval  (troRcated  ellipse)  ie  shape. 

C.3.1.  Chart  of  resolts  froi  traiaiflg  set 

The  folloviog  chart  represeots  the  aoiber  of  propagatioos  reqaired  for  the  net  to  filter  enoagh 
Roise  to  produce  an  iiage.  1  represents  one  propagation,  2  represents  one  propagation  and  one 
recursion,  3  represents  one  propagation  and  tvo  recursions,  Ih  leans  that  the  data  file  vas  not 
part  of  the  training  set,  and  lo  leans  that  not  enough  noise  vas  filtered  to  produce  an 


acceptable  iiage. 
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C.3.2.  Conclusions  froi  the  non-training  data: 

Sets  18,  19,  and  20  represent  only  a  partial  iiage,  vhile  the  reiinder  of  the  sets  represent  a 
coiplete  iiage.  lone  of  these  partial  iiages  vere  successfully  filtered  by  the  net.  Recursion 
vorks  best  vith  non-training  sets,  vhere  one  or  tvo  tiies  at  lost  is  enough  to  perfori  the  task. 
Of  all  the  saiple  sizes  used,  SOO-pixel  netvork  architectures  provide  the  best  overall  result  to 
filter  noise  froi  data  to  produce  a  cleaner  iiage;  this  is  folloved  by  400  pixels.  The  300-  and 
600-pixel  size  iiages  should  be  avoided  in  filtering  operations. 

C.4.  Pictures  of  Iiages 
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C.4.1.  300-pixel  images 
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;S8$BHI8S< 

+ 5821188  S-t- 
*8I11BB88* 
•88B1BKI8* 

«88imi^^* 

«88BBBBt8* 

*8llBm88* 

«8$111E$8* 

*8t211S^S* 

«8tB2Blt8* 

■fS8BllS8S+ 

<S8$Blt8S< 


NOISE 


,  FSR»  0.5510 


CLEAN 


- -»-S8lB2$88*  .  .  . 

.  .  .*81111188*. . 

.  .38II22$<83.  . 

. .3811221183.  . 

. . 3811122883 . 

.  .3882111183. 

.  .3881112883. 

. . 3881118883 . . 

. . *881121883. . 

.  . . *88811888*. . 

.  .  .-I-8888188S*.  .  . 
. . . <S888888S< . . . 


PROPAGATED 


<  *  +  *658888858**  + 

. <+*8588888883++ 

. . <*+8888888883+< 

< *5881818883* < 

. <+888llll883< . 

. *881BB18883< 

. 38881111885 < 

. . < +888111888 *< . . 
•  . .  +  *6881218883+. 

. . <*+3581188888+ < 

. <+**888888883** < 
<+3+888888583** . 

RECURSION 


FSRp-  0.0112 


FSRy-  0.0941 


StdD-  0.3183 


C-9 


SET  6  -  300  pixel 
TRAINING, 


M6S*SS8>8«8S8++<*;’+|<;; 
as « 3*88«Sa8*»«S3*+++3B  ++ 
P<M*%88S8SS3S83^<|*8:; 

U..883|8Sa8|88|8**  ; 

1+  <+888388S#88*+< < •+  f*® 

.  .  tfiAffCAAAAn3+3+888 


+  <+888388S#88-+<<.^’®®“ 

*'  **<<++8885888833+3+888 

++: 33+ < +5888885353+ <*+*  + 
1 33<  *  *  <  *  *388S#8#8833+833 . . 

Ils8+  *3.S8tBm«»®  -++2^ 

jff!*+;+<  3588888858. +8*3 


wnreo 


+S8IESB88S* 
6881111888 
*5881111883 
8881111885 « 


UAAl 


8881111885+ 
*8811111883 
6881111885+ 
+5881111883 
3888111888 . 
688811885* 
+588888883 


CLEAN 


FSR-  0.5505 


•  ‘  8588188888 <. 

\’  ,+8888888858.. 

I  ’*  3888888888+.- 

1  *5888888883. 

;•  ;.3S8S»»M»f* 

I 


*  <+8881888888.  • 

,  .3S81888888*< • • • 

.  ‘ :  •S888111^®*  • • 

'  '  ‘<38888118S3««'-- 

!*  «*588111*®®^ 

1.  • 


I  .888lil^*®®l’ ‘ ’ 

,  *88811*^^®®- • * 

•  888811*®®®* * 

888811*®®®  • 
**88***»®®®®-  • 
'..88®**»»®®®*-- 
+58*1**®®®®’* 

. .388****®*®^ 

<88®****®®®* 
+58*1**®®® ‘ 


recursion 


PROPAGATED 

FSRp-  0.0111  j 

FSR,-  0.0213  ^ 
I 

StdD-  0.3241 


C-10 


SET  7  -  300  pixel 
TRAINING 


I <  <  *38***8«aa«8«S#«***3*** 
lS*++*33*8S8a8888H8*+. <  **3 
I •<  +  *+333*888S388H8*  +  < . <  <8 
,  I  +  *+3++. . *888S8S3S*< .+« <+3 
I 8S*3++<38*8H8at883* ♦••<++ 
l3*3333+*38atSS833**aa3+*+ 
l  +  *8*8833S8SS88S333+*<+3<  < 

I <  *  *  <  *33SaS8Saa38SS33+  <  3+  < 

1 <+++S33S88a88#8a83***<**+ 
J  +  <  +  <83+83S88S888SS*  +  *  +  *3< 
188<  +3**+S8IISSSS3S<+3333, 
I++.  +*333SSH833333+*+88** 


•>>satBStas-i> 

*8|BKIHI8« 

*8$HHHl$a« 

*8IEHSl*a* 

*8#lH184a* 

*88ESlSta* 

*8imit8* 

«8IKSEB#a* 

«8fBlEE$8* 

-t-saUBtas-H 

.saiBBtas. 


NOISE 


CLEAN 


FSH» 


0‘5I75 


1  - *88882888*... 

1  ...*88188888*.. 

I  . .3888888883. . 

1  ..3888888883.. 

I  ..3888888883. 

I  ..3888888883. 

1  ..3888888883.  . 

1  ..3888888883... 

I  ..3888888883.. 

i  ...*88888888*.. 

I  •  .  .'^88888888'^. .  . 

1  ...  <88888888^ . . . 

PROPAGATED 


I  <*<*8S88888SS*3-t-< . 
1.  .<+*8888888888*+  . 

1  .  < ++8888888883* < 

1  < +8888888883* <  .. 

I  .  .< +8888888883 < .  . 

1  .*88B8888866< 

1.  . 38888888888 <  .. 

1  .  .. <+8888888 88*< . .  . 
( .  . . .  +  *3888888883+ . 
i  .. <*+3888888888+ <  .. 
1.  .  .<***88888886***« , . 
I.  <+3*88888888*++.  . 


RECURSION 


0.0426 

0.IJ04 


StdDm 


0.3179 


SET  8  -  300  pixel 
TRAINING 


l33.3+383<  <38t8ra$888< • . *8 
138883.*+. <88l8a8S8S*+3«  <  < 

1  •83+3<  +  *8388$#8888*++383+ 
j  3S*  <  *  *3888888888883+  <  3*8* 

1  <  +  . < 83+33888888888+ <  <3+3* 

1  .  <  +  *3*88888H8888*<  *< . *838 
l.  +  .  <+8II8388888S< .  <  <  .  +  *S8 

13*  . *3333*888838<+*3+3+88 
1 +++ . 3888888888*  * . *++  <  *  +  * 
l833<38888888Sa88<  +  <  **833.' 
188888838838II88888*3*  .++3 
l+***88S8838888+<  *  +  ** .+8*3 

NOISE 


FSR»  0.5491 


1  .  .  *88|EBlIt88* 

1  . • 8888888888 . .  ... 

1.  .  .3888888888* 

1  <S88888888S<  .... 

1  .38888888883.  . . 

1  . +8888888888 < 

1  .  .38888888883.  .  . 

1  +8888888888 . 

1  3888888888*.  . 

1  ..8888888888 . 

i  ... *888888888 < . 

1  .  8888888883 . 

PROPAGATED 

FSRp-  0.0110 


FSR^-  0.0189 
'  StdD-  0.3241 


*888888888+ 

8888888888 

3888888888* 

<8888888888 

3888888888* 

+8888888888 

3888888888* 

+8888888888 

3888888888+ 

.8888888883 

*888888888 

388888888+ 


CLEAN 


. .  . <  *888888888+  . 
..8888888888  .  ... 
..  .8888888888* 

.  +8888888888<  ... 

.  ...8888888888*.  .  .. 
<+8888888883. 

.  . 88888888888 .... 
<8888888888.  .  . 

.  .  88888888883.  . 

. <8888888888. .  .  . . . 
...*888888888+.  .<. 

.  388888888* . 


RECURSION 


C-12 


SET  9  -  300pixel 
NON-TRAINING 


1  **-t-8SS88SSSSS88-t-<  .  88++838 
I  . *•38Saa$8$|SSS*3•*3.+S*  + 
l  *33*8*88888S83**33*<  <*8+< 
13***8+338SaSS3*83***3*8++ 
I  +  <  S«3+33a883S88a83*8S+888 
I  +  <  * ♦ 33+8ta83S88SS* • 38+ • <  3 
1 8*+33*  <  3S388S88SS3*  *3+3+* 
I +++88++3*  <  *S338SS*  <++<*<  + 
1 ++3***  +  < +*8888888333+ <  <++ 
l++3+<+<  *388888888* . •*•< 
1*3****<  <8888H88388*+3833 
l+3+**+< . <+88888888838*3<  < 

NOISE 


*881828188 

.8882228883 

3882222888+ 

+8882222888 

3882222288* 

+8882222888 

3882222288* 

<8882222888 

3882222888* 

8882222888 

*888222888+ 

3888888883 


CLEAN 


FSR=  0.5725 


.  <8888888888<  <<.... 

.*888222288* . 

. . < 8888222288 <  < . . . . 
38882222883 < . .  .... 

.  ..<8888822288+.  .. 

. .38822222888 < 

. < 8822222888 < 

.  ..< .8882228888* .<<  . 
..... +8822222883  < . « 

. <8882222888*  .. 

.......<  +888822888*  < . .  .  . 

.  .  _ <*888228883+ 

PROPAGATED 


+  8888228883 . 

.3888222888+..  • 

.  .+8882888888< .  .  • 

3888888888* . 

.+S888822888< .  • 

<38882228883. 

*  <<888288288S<  . 

■«  ...3S828288883<... 

'  «S82228888S<.. 

;■  ‘T.  .*8888222883  .. 

<3888222888<<..- 
I.  *.+888222888+ 

recursion 


FSRp-  0.0491 


FSRy-  0.0373 


StdD-  0.3246 


SET  10  -  300pixel 
TRAINING 


1**68.  -f-66SS8Sl8S8S*  .  -(-83S8S 
l3333<-i-*8SS8a$88S*<  <  *333** 
I *883+S«IIISSraSS*+3+*3*3* 
1 888+ . 38S$#88883*  *  <  83+  *+++ 
I *+<+8888S8lSSSS3S*SS<+*3S 
l+*< 388. +888888888**8*3*38 
J**88+*  *388t88888<+***<3* 
1++8+. <+8888888883  **3**3* 
1  < .3+3. <8SK8888888+*+388a8 
l+*+  *< .*SB8SS88883+*38S*8 
J  **+**+++3118888888+.  8888 <8 
1  <  +  *8++33888888883*<  *88888 


+88811888+ 

+88111188+ 

*88111188* 

*88111188* 

*88111188* 

*88111188* 

*88111188* 

*88111188* 

*88111188* 

*8811118&* 

+S881188S+ 

<S881188S< 

noise 


CLEAN 


FSR=  0.6076 


_ *88881888*. . . 

...*888888883.. 

.  .3888118883. . 

.  .388811t883.  .... 

. .3881111>S3'  ■  '* 

. <3881111^83. 
..3881111883.  . 

. .3881111883. . . 

. . *881118883. . 

... *888118883. . 

. . .+S8888888+ ... 

. . . <8888188$+. . . 

PROPAGATED 


< *+*SS8888888**+< . 

.  . <+38S88888S83*+  .  ... 

. . <**88888888S*+< 
<•$88881888* *<  ... 

.  . <*888111188*< . 

< 38811118888 <  < 

. 6888111188$  < 

.  ..<+881111888*+ . 

.  ...+*8881118883+. 

.  .  <*+3$8ll888a6* 

- <+**8888888833 

<+8*888888$83** 

RECURSION 


ESRp-  0.0132 


FSRy"  0.1126 
St<iD*  0.3182 


C-14 


+  • 


SET  11  -  300pixel 
NON-TRAINING 


l++<833**<  <8S8H$S3+a#< .8*8 
i  +«38*868S$$888S8Sd3  .8«< 
I +33+8 •  +  ^  338SS338883 • * +8  ^ • 


13*++8.<  S8aSS83S883**+8<+ 
I  < .S**. <+8SS*SaSI#S+88<838 
I  < .*+3*.8Ha8*Sa8S8*+*3<  +  .» 
I8*<  *3++8S338S88S8+++3+3<  + 
1  <++88<3S3<  *8**383. .<<•*.+ 


I  <  <  *++83333Sa8SS3* . +3 . .  .  <  < 


J  <  +3 < . 33 < < 388882 <  <+++  +*+. 


I  *3++383< 3888828.  **<<*83* 
1  <  *<+383*38S888<  ***++8+*.  . 


NOISE 


aatiEsias* 

388«a28#88. 

+88I1ISBEI83 

884l[ai[Bia8+ 

*88128112183 

88|8228#8S+ 

*8822882183 

88I2888I8S< 

*8812828883 

8812222888 

->'888288888* 

3888888883 


CLEAN 


FSR*  0.6475 


< *  +  *88888888883+ < . 
.+++88882888883+  .  ... 
< **8882228883* < 
++8882222883* .  ... 

..+8888222883+.  .  .. 

. 38822222288  < 

. 88822822888 ... 

.  , <*888222888 *< . 

.  +38882828883 < . 

.* *3888828833+ <  ..  .. 
.  <33388888888+*+. . .  . 
+33388888883*++. 

PROPAGATED 


<+. <*8888888838* < . 
,..<<*388888888**  •  ••• 

. .<<<*888888883* < 

< <3888888888* < 

.  . . < <88882888S8< . 

< *S882888883<  ‘ 

.  .8S88aa82a88< .  .  . 

.  . . <*888a2a8a8->-< < .  •• 

.  ..  .+3888222888* < < 

. . <3*8888a88833< <  . 

_ +*3888888888->->-+< ...  . 

.  +*8388888833+++ . 

RECURSION 


FSRp-  0.2215 


FSRj-  0.1580 


StdD-  0.3246 


C-15 


NON-TRAINING 


1  * . *88388S88a38*383< . <38.8 
1.  <88S38$88BI88< *+.  **3++ 
1.+  *3838888a888*+*+< **333 
1*+  3+++3888a88SS8S33<++< * 
1  •<  .  •++*SS8Sa8S$83<  <  +  <++*• 
13<  <3+*+8S88SS88SS3< .+8+3+ 
18+*3*8888*3S3*SS8$3.++<3+ 
13.+.++*+8888*3a883<  +*<<< 

1  *  .  < . <  3* . <  8SSS88aS3*  *  *333 . 

1  *33++883. 3888888888*33+3* 

1  <3*. .+3S88ttiaaS388+*S8S8 
1  **+.  +  *  +  *8**8SSSSSS3+**33+ 

NOISE 


<88iaaai8S* 

38iaaaa$as< 

+S8#aaaBi83 

88#aaaB#8S+ 

*S8iaaaa$88 

888aaaaa8s* 

+S8iaaaai88 

38#aaaat8s* 

<S8taaaai88 

*88#aaBi8s+ 

88aiaai883 

<88<#$t888 


CLEAN 


FSR=  0.5226  ^ 

O 


.  < <+3*88$888SS33* 

. . . < *338$ai$88a3+ 
++*8la$B88S8*+  . 

<+388$a$B883* . 

.  . .  *S$a$BBB$88+  .  . . 

. *S8aBaaBi8S< 

. +88BBaBB$88  <  . . 

.  +*S8BBBBI88*< . 

..  +*S8lBIBBt8*< .  . 

. . .+388l#B$$83*+«  _ 

.  .  < <*38S8$l$88**++<  . 

.  .  .  +3*88888883*++++ 

PROPAGATED 


I  <<.<+8S888$8838*<. 

I.  . . . <*388?»$$8S**  .  ... 
1  . . < < .*88$BtBl$8*+ 

I  . <388$IBI$8S3<  ... 

1  .  . < <S8$$at$$S8< . 

I  .  <+S8$$BB$t83.  .  .. 

1.  .  .8S8$BB$B888 _ 

1  .  .  .'<  *888aBB888+<  .  . 

1.  .  . .+3S8tBaBa8S* < < 

I  . . <3*S8IBB$8833< <  . 

I  .  .  . .  +  *8888#$$S83<++< . .  . 

J  .  +*S3888$8S3*< <  + . 

recursion 


FSRp=  0.3873 


FSRy-  0.4930 
StdD-  0.3176 


C-16 


SET  13  -  300pixel 
TRAINING 


1  38+*++**3388tS83S8*3***+ 
1 . <3*++*3S$88S8883*+*3**8* 
l8+*3+*+*8S388S888<+33< . <+ 
13+<*<33388SStS8+< .3S8+*+. 

1 <+•+< . ‘S88H88SS3S* . *8*383 
13^  <  •■h+388888S8888“^+38'^*^^  • 

1 8+383-1- <3388$8|$SS3++++ *4- . 
13+38**<383888888aS*<+33. < 
18  . <+< . *33SSSH8S83+a**8< * 
IS  +*3+++88388faaS**3*+83a 
IS  *83+*+8883.S8S3. **8++++ 
13+<33<<  +38*+SSS83**8<  .< 


<S8llia£88* 

<S8BEBS$8* 

+S8SE1UI$83 

+8aEISS$83 

*8$1ISSSI83 

*881[SSSt83 

+8>BIIBSt83 

+SiaSSBl83 

+Sa2SSB$83 

<Sa$2Z[SI8* 

.satBStas* 

8atBBias+ 


NOISE 


CLEAN 


FSR=  0.6285 


. +8tlBBta8*. 

.  .  . *8$$BBI|83. 

. •*8a<aBii83. . 
. .3siifl2nia3. , 
.38$BBBB|a3. 

. . 38«BBBB$88 . 

. .38|BBBBBa3. 

. . ‘stBaBiias. . 
. . *8|BBBB<83. . 
. . . *saaBBtta*. . 
•  . .+S8##B#8S*.  . 

•  •  .  . <S8$|$$|S+. . 


PROPAGATED 


<*+5S8aa»$888**  +  <  . 
.  <+38S$lB$8883*+  . 
<*+88$$BBI$83+< 
<«SaiBBB>883*<  . 
. < +8$BBBBBE83 < . 
.*8tBBBBBta8< 
.38aiBBBBtaS<  .. 
.  . ^ +688BBB8a83+ • • 

.  .  +  »88$BBB$888*< 

.  <*  +  *8$lB$t$8S*+  . 
.  <  +  »*3Slaia88333< . 
<+3+8S8aa8S83**  < 


RECURSION 


FSRp»  0.0127 

? 


FSR^.-  0.1125 


StdD-  0.3176 


» 


C-17 


SET  14  -  300pixel 
TRAINING 


1  * . *83++<+8SS38S8883<  <38.8 
1.  <883. *3881888388*  **3++ 
1.+  **8< *83S$8S888S3< **333 
1++  3++  < SS8$8888888* . <+< * 
1  *<  .  *+++8888888188* <  +  .  +  < ** 
13<  < 3+*+8883888888* < .+8+3+ 
18+*3*88883383*8888*.++<3+ 
1  * .  +  .+*888888**88< < .  +*<<< 

1  *  .  < . <88338888388+< . **333. 

1  *3*++8a838l8838*<  **+33+3* 

I  <  3* . <  88S#IB$#a8+ . *  * . *8888 
1  **+.3888888883++++<  **3*  + 

NOISE 


FSR=  0.4597 


1  .  . . *88$S21II8* 

1  .  .  88SdBB^88 .  .  .  .  . 

1.  .  .  .38112222183 

1  .  .  <88)222228 8 <  .... 

1  .  ..  .881)2221883.  .  .. 

1  . +8822222)88 < 

I  .  .  .  88))2222)88 ... 

1  .  +88)222))88 . 

1  88))2222)8* . . . 

I  . . 88))222)88 ....  .... 

I  .  .  .38)))22)88< . 

1.  .  88))2))88* . 

. PROPAGATED 


FSRp-  0.0109 


FSRj.-  0.0227 


StdD-  0.3236 


C-18 


+88)222)88 
88)2222)88 
*88)2222883 
. 88)2222)88 < 
38)22222)83 
< 58)2222)88 < 
38)22222)83 
.88)2222)88. 
*88)222)88* 
88)222))88 
+88)22))88< 
388))))88* 


clean 


..  . < *88))228)8+ 
.<  ..38)))22)88  . 

..  .888))22288* 

.  +88)8)8))88<  . 
.  . . .68))))))88*.  . 
<+8)2222))83. 

. 88)822))888 . . .  . 
<88)222))88. . . 
888)2222883 . 

.  <88))222)88.  .  . 

.  .  .*888))2))3+.  .<. 

.  38)822))8* . 

RECURSION 


SET  15  -  aOOpixel 
TRAINING 


i  3S8388S86886StS863*  *63388 
1 8S3S888S8S888888SSS8SS338 
183*3**aS8a8##a83*+3+83*< « 
1 ++**+. a8Saa88883*<3*8**+« 
I . <3*3+a88l8SHaa88+83* . •+* 
1  <  *3+3as88a8sa8iaa888-i'.  *3* 
l+S8+*3*SS8H88aia3a3<  <**83 
l+3*+**38S8S88W[8SS+  .*<«  + 
1 *883*3**8888888888*  <  *8833 
!  *888-)'3*  <  <38888888*  <+-l-3883 
1**88**. . *88888888+3888888 
l6*+63*++88888888838a3aS3* 

NOISE 


+8a8iiHtta8< 

aaaoKBtisd 

*88#11BS#88* 

.  S881[BKSt88 . 
368ESESH883 
<S88BSKH88S< 
3a88SI[H28a3 
.8a8BSEEl8S< 
*8812222883 
8682222888 
+888222888* 
*888828883 


CLEAN 


FSR=  0.5718 


SET  16  -  300pixel 

ncn-training 


i  -»-»-838388S8S8$8*3S3*+  <  +8*  + 
1333**  <  **8888883333*  +  * *8*  < 
1 *  +  *38<  *3SSS8S88t$888<  <8S+ 
l**+<3<*88388tS*888S8< .+3. 
l+3+<++*88S8S8S8H8**33<+++ 
1  *8++38*883S88888< . *3++3<  + 
183+<  +  *+88S88tI[a8<  <  <333**3 
188*+**3S88888833***8<  <  .  ** 
18<  <++<+838338S8****S*  +  *83 
13**<<.  883S8S*S3<+*88++< * 
!**<<+.  *SSS8S8S3* . <S3+**+ 
1  <++++. 8SS838SB838*+S333** 

NOISE 


FSR=  0.6325 


. <  <  <388|BBl883++< 

. . <  < 8888B888S8+ < 

. < . *8$BBB2t83<  < 

<  <38$BBBS|a3+. 

.  <  882BBBBB88  < 

. <  88BBBBBB88 . 

. <88$BBBB$8S<  . 

. <88IBBBB|83< 

<  <38IBBBI|S3<  . 

.  +  <*8##BB#883<  .  . 
. <  +  <  *38ltf888+<  +  . 

<  +++8S888888  <  ++  < 


PROPAGATED 

FSRp-  0.0521 
FSRj.=  0.1393 
StdDa  0.3179 


.S8$BB$88* 

<S8$BBB$8* 

+S8BBBB$83 

+S|BBBBt83 

+8iBBBBl83 

*8|BBBB883 

*8tBBBB883 

+88BBBBI83 

+S8BBBBt83 

<S8BBBB$8* 

<S8$BBB88* 

88$BBI8S+ 


CLEAN 


<+<+38888188838* < . 

< < <+38818118883*  .  ... 
.  <+<3688BB|||83< 

< <888BBBtl883< 

.  .<  <  888BBBBB88  <  . 
.*8$BBBB$$88<  < 

.888lBBlBt8S<  .. 

.  . . <*88|BBa$88*<  .  .  .. 

. . . +3S88BBB8883+ <  .  . 

. . <3*8S8BB$8838+<  ..  .. 
. .+38388l8$S83+**< . .  . 

+  *8388888833++* . 

RECURSION 


C-20 


SET  17  -  300pixel 
NOJ-TRAINING 


I  3S83*  *  «  «3*S8SX#I888883388 
1  8S3S8'H+4’ *  3388^Z8B88SSS338 
183*3*<  +  *388|#8BS88S+8**<  < 
j++*»+  ++8888a8H8S3S*8**+< 

I  . < 3+3+*3888SH88SS383* . *+» 
1  <  *3+3888888888188888+. *3* 
l+88+*3888tH888883*3<  <  **83 
1+3*+»*8888888H$833+  .*<.+ 
1  «SS3*88888888888*  +  <  <  *8833 
1*888+88338881833+  ++3883 
1**3838**8288888*+  <388888 
1 8*+888888B8a883*+ .  +  *  *883* 


1  8888221883 

1  *888222888+ 

1  <8882222888 

1  3882222888* 

1  +8882222888 

1  8882222288* 

1  *8882222888 

1  8882222888+ 

1  +8882222883 

1  3882222888< 

1  <888222888* 

1  *888828883 


NOISE 


CLEAN 


FSR=  0.4644 


.  . <+388a888883**  +  <  . 

.  ...+*8882228883+* 

.  . ++888222288 *  +  < 

. +8888222883+ <  - 

. <  8882222288 <  . 

. +8882222288 <  < 
.+8882222288*  .. 

.  . < <+8828888883<  ... 

.  ..  <++8882288883*. 

.  .  '<++++8888888833  .  .  . . 
....<++**8888888388*..  . 
<+*+3+888888388* 

PROPAGATED 


<+<*888888888*3+< . 

.  .<+*8888888888*+  .  ... 
.  <++888882888* *< 

< *8888828883* <  ... 

. <+888 2222 8 8 8  < . 

< +8822228888 < 
.3S88228288S<  .. 

.  ..<+888282288*+..  .. 

.  .  .  +  * 8882228883+ < 

.  <*+3888288888*+  _ 

.  .  .  <+**3S8888S8*3*< . .  . 

< *3*888888883** < 

RECURSION 


FSRp-  0.3970 
Fsfy*  0.2807 


StdD-  0.3242 


C-21 


1 33* *88. +83*+ < +8* *88* .+8*3 
l+33333+*+3*  +  **8*  <  *  +  <  <  **33 
1 3+*888*8t88S++8S+*++3+*3* 
1 *<3883+8#E88<  <  *3<  <  <  <83+*  + 
1 *+*+<38H8S8S8++++<3*S8<++ 
18<+*  <888*3883+3+*+* **8*3* 
18* **8838+38888**33* <+***< 
133++8**3888833< •**+  **3*+ 
l++< .3*8*388H8888888+*+388 
1 *<  +  *+  83*88B888**883<  *388 
l****+*83838H88SS*+3+.8888 
13+<+*8+3888H88888***<  *888 

NOISE 


<  +  < 

•33*< 

*8883+ 
388888  * 
3888888+ 
*8888888+ 
+S8#8#«as. 
.881188883 

3888HS888* 

*88808888+ 

8881EEK888 


CLEAN 


PSR»  0.8044 


. . . +++ . 

1  • 

. . . *383+. : . 

•  «  • 

1 

.  38888* . 

•  *  «  •  • 

1  •  • 

.  .  .6888883 . 

•  «  •  •  • 

. . 3888888* . 

«  •  •  • 

1 

..*8888888*...  . 

•  «  •  «  • 

1  • 

. .*8888888S< . .  . 

•  •  •  «  • 

1  •  • 

. . . <888818888. . 

•  •  •  •  • 

- 8888818883. . 

•  *  *  •  • 

1  •  • 

. .  .*88088888*. 

•  •  •  • 

1  •  • 

PROPAGATED 


;  • «  +  «*3*83+.  .  <  .  .  , 

*•  ••<... <+++3*38* .<. . 

• . <+3++*+*33*  .  .  '  [ 

I  <«  •888+3+*+*]  <.  .*  ]. 
t  ...  .  3+88888+*  * *4* , , 

. . +  *888888+++  < . 

.  . . . +68888888* *< 
..+38888888++. 

-  <888888888<. 

-..<•888888883. 

- <.*8888888S8< 

- <68108888+ 

recursion 


FSRp-  0.0171 
FSRj-  0.2075 
StdD-  0.2473 


C-22 


SET  19  -  300pixel 
NON-STRAINING 


I+++<83***< <833»3< .  3S<<8* 
I < .+»»3*888388833+*++*  <S* 
1 •+33+3<  +  <++S83+<  <33+. .+8< 
l+»*++8. < .•»S33»<+*+***+3< 
J3<  <8«*<  <  <888+3**S8*+38<83 
l*<<»+3*. +853+383* •++*3<+. 
I33*+*3+.+3»*S8883*+++3+*< 
l  +  <++83<  <++.+S*+*3+.  .<<.*. 

1  *<  +  *++*<  <  +  *8t85S3*<+3<  .  .  < 
l<<+3<<+<  . *388853++++  +*+ 
18**++++<  +588888* <»*<< *53 
18+*+++< . .*8S8#8853*++3+*. 


+33+ 
<3883< 
*8558* 
358883 
< 888888 < 
*588885* 
388##883 
68#fl888 
58888185 
<S8$88$8S< 
+58888885+ 
«888B8888* 


NOISE 


CLEAN 


FSR»  0.8623 


.  .+338888885*++.  .  < 
<3888BB8888+<  .  . 

.  .*888888888*+..  • 
+8888888888+ . • 

,  ...3888888888*. 

.  . +S88888B888  < 

. < . 5888888888 < 

.  .<.3888888885* - 

..  . .«88888B885*< . . 

.  ...<3888888853+  ..  . 

. <3S88BBB88*+< . .  . 

. <+3888BB883+< 

PROPAGATED 


.+8888888888+< . 

.  .*688B8888S3< < . .  • 

. . <8S88888888*« . .  • 
*5888888883< . .  . 

..  . +8888888885+ .  •• 
.  .<*5888888883.  . 

<<88888B8888<  .. 
«  .  .< .8S8B88888S*< . . 

. +8888888888 < . . 

..<..<*888888888*  . 

. < +3888888853 <  < 

. +3S88BB8888« 

RECURSION 


FSRp-  0.3816 


FSRj-  0.4435 


StdD- 


0.2549 


C-23 


SET  20  -  300pixel 
tOHTBAJKDC 


i  66* .  3«$SS <  <  «8 . 
U<46«S3«88-M-f«3Mi#*>«'*3SS 
1 « < 388  « 38*-t>3*8S888888*3SS 
1  •66**  < < 838388883858* « 3*3 
1  -t-8-t- .  < •i‘338 « •t.*8888-t-8S83*3*3 
1 .3-t-3.  <3*8*388818883888888 
1*4-  *<  -4*88888881888388*88 
1  *4'334-i-  <  4>8888a8S&8*8888  <  88 
i-4*84><  33*8888888883*888888 
1 4*  **8888**8881888888883*  « 
i 884*3  48888881833*38*88*8 
1 83448388888888888888*884* 


<4< 

<•33* 

43888* 

*888883 

48888883 

48888888* 

.88808884 

38808886. 

*888118883 

4888111888* 

8881111888 


NOISE 


CLEAN 


FSR-  1.1402 


. .<*388888888*4 < . 

.  «« *388188188**. 

. <*888111883 *< 


»  I  * 


.  .  <38811118884. 

. <8881811888 < 

.  .  .488811118884  . 

<•*8818888834. . 

< **88881888* « 4 

. . .43888888888344 
. . .44*8888888834444 
.  4* *88*88883*444 < 


1  <<. <*88881888883 < . 

i . *36811818833  .  .  .  . 

1  .  .<.488811111884 

i  . .38811188888 <  ... 

I  .  . . .88811111884.  .  .. 

I  . 48811118188  < 

I  •  . 68881111888 <  . . 

1  . . <  *8881111884 < . 

I.  ..  *6888111888* < < 

I  .  <638880888**  <<  .  •. 

I  .. 43868888883* <44 < 

1  *388888888*4< < 4 . 


PEOEAGAIED 


FSRp-  1.5568 


RECURSION 


FSRr-  1.6853 


StdD*  0.2473 


C-24 


i 

C. 4. 2. /400-pixel  images 

i 

I 


SET  1  -  ABSOtX/EE 

400  -  pixel 


J+3+*. $8*888  »8188#*+ 
i  33*3333«3«-t-+*8$888$3 
I  $833+  <  38-t-»'33  <  8888883 
l$+8$*<*+*33*»8883««« 


1 333383+ . 88+888888888 
J  .*3383. ++<3888888*8 
1 .+3838+3*388818333<+: 
t  +3*388+38883888++*+8 1 
1 *3*888+ . *88888888+88 1 
i+  +833< .+88888888+< *  I 
1 < <***888888388883*+  I 
1888*3*+88388a88883+  1 
1 **. **8+8X88818* <$*+*) 
1 *++3888888X8888 . <  338  J 
I+*88+++38388883. <3*81 
1  338838*888*888+8*+81 
1  <  33  V  <88888833+ <  <  -i-8  I 
13$8.-3388++*8**.  .  *1 
1S83<38888888<+**  *+3 I 
18+*<*8$88*++  383+  I 


388888 
*888888 
+8888883 
8888888+ 
3888X888 
+88XXX883 
888XX888 
388XXX883 
.88XXXK88< 
588X1X883 
<  88XXXX88 . 
388X1X883 
88XXX888 
388X1X88+ 
888X8883 
+8888888 
3888888+ 

888888* 

.  888883 
<  88883 


NOISE 


NOISELESS 


FSR-  0.8168 


StdD-  0.0750 


. <  » 38888888888+ *3 <  < . 
+<**S88S88888$*+3<* 
+  < • • *8888888888*+*  *  < 
+*  «  *  « 8888888883*3++ . 
*8+++8888888883333< . 
.* *3*88888X88883** *< 

* 333888888888883+  * + < 
+38*388888X88883**  <  * 
*388388888888888*  *  <  * 
+38838888X18888833+ . , 
3+ * 38888888888833+ <  <, 
333*888888888883*+ <  +, 
3*88888888888838*3++) 
+3*83888888888383*++) 
*  33888X8868888333+  <  +) 
*838888888X8833*++ <  <) 
++88888888888833**+.) 
333888888888888*+* . +( 
+38888888888883  *<++ 
*8333888888883++*+  <  + 


propagated 


FSR-  1.2057 
C-25 


SET  1  -  RELftTIVE  SCALE 

400-Nodes-  non-training 


13*3SS8»+++. »*SS3+*+3*8<8S 
l.+++83+<88  ++88a< <3<3. . < * 
I <  *  <  8 . 8*8S88  <  83SS8+3*++ , 83 
•  IS88*3368S838<8.<*88+4-<«S-»- 
l38*8-(-8S3a8888<  <  863S<-f**3 
1 33SS8S8888  <  88S  <  383888838  < 
I+*88+33a8S3S8S**8S++*S883 
1 <+<38+88a*8##S».38. . <338* 
i  8*8S36-i-33S38aaa*  ***8**-t-*S 
i+3a3a++33*S38a8a<8+<+. <  3 
J  +*s+3*<88883asas»as3*<33 
1  . S88888Saaa88a888  *  3+  *  <  <  + 

1 <  <  »3+. *3$S88S*88a3+*S«  **3 
!+<+<  •«S83SSa8883S8d*838* 
i ,+•<<<*<«  <  38aaH811$$3+*+ . 
!<*£+  3  <.  388a88##S88*3< . 

Noisy 


i  5SBS6+ 

i  • 88886+ 

I  +888888 . 

i  8888888 

I  38888883 

1  +888K88S+ 

1  8880888 

1  *8808883 

1  880088 . 

1  *8801883 

I  880088^ 

I  *8801888 

i  688108 8 < 

I  <  8810883 

f  3880888 

<  8888888* 


Noise-Free 

fSR*  0.9151 


I  . *»«3*333<<<<<  . 

I  _ <. .•338833*+<<. . . 

I .  < • . < 33388883 <  <  <  < . •  . 

(  ...... +* 3888883+ <  < . . 

I  ... .+38888883* < . . 

I  . . . < . <3S888888*« . .  .. 

I  ..  <*880888*  < .  ... 

!  ..  ..<*880188*.. 

• .  .  . . +  *8881088 <  . . 

.  .+3880088.  ..  . 

.  .  <388008 8 < .  . 

.. .+*88888188 < <  .  . 

I  .  <  <*8880888<  < . 

I.  <<+*88888888+..  .  . 

(  .  .<<+388888888+ . 

(  . <  <  <  368888883 <  < . . 


PROPAGATED 


PSR-  0.6340 
StdD-  0.2911 


1<. . <38388888333* , <. 

I  • . . *3338888833*  < .  . 

I  ‘  +  *38888888*+.  .'i 
J . . . <*3688888883*+. <  < 
J  .  • .*388881888*+< . < 
•  •  +*88818888*+.. < 
«  •« 888810888+.  < . 

••+*88810883.. 

«  ••.+888810888+  . 
*<•  ••  .8881088883  <  + 

I  ..<3888  0  8868* 

. +*«M18886»+. 

[...<.«.  *888088883+ . 

•  .  .. <38888888333 < 

J  «..<<.. <  338888883333 

* . <3388888+33* 

1st  Recursion 


.  .388888883< < < . 

. *88881888*  <  < . 

<  88880888*  <.  . 
<388810888... 
.+8880088*..  . 


<  88810088 < . 
<«  88100888. 
<38880088+ 


81 

[8 

8 

8 

*88800888 


..  .  <88800888+. 

. 3880888883 

.  .  .  < 8881888888 < 

.  ..  .<8888888888 

.  ..  <*888888888 


2n<l  Recursion 


C-26 


SET  2  -  ABSOLUTE 
400  pixel 


I  <-i-389$8S8t833***  +<> 
1  •<*88SS888838S+**»*I 
l-l■<  <-t-38S888888S8*+8*<! 

I  «-(-+« «888888$83333<  *  <  I 
1*3  <388S88tB88*8*3+<! 
1 .333*88t88B88383+<  <* 
'1 88338888888S888  <  '!*+  • 

U  <  383*88S88B88S8+3«  <  81 

II  333888*888888888*3*31 
11  -i-38338888E88888833*+l 
188888^88888883888+* .  i 
1 888+388888888883*8  <  8l 
11  **83838888888388883+1 
•1  <8+338888388*8*833*  <1 
l!  *8*33888838888838*  <  3l 
1138888*88888883833+.  .1 
H  3*3*8388888888+33*  <  <1 
11  +83838888883+8383*  <  *1 
ll +38338333833833+ <  .  <  .1 
n  888838*8838388  <  +3*  .  *1 


NOISE 


^  FSR=  0.5339 


388888883 
388888888* 
+888888888 < 
8888EE8883 

*888m888* 

<  888IBEE888 • 
388BBH1B883 
+8881U1MB888  < 
388BBBm883 
<  888mE888+ 
388EEEEE883 
.888IBXB888< 
*S88BKH888* 
38888X8888 
<888888888 
*88888888 
38888888 
3588888 


.888888 

.  . . 4 


NOISELESS 


StdD=  0.0453 


1 *3+3*8888X8+*88888< . 

1 33*3888888868883883+ 
1 83338888888833*38*++ 
1 8+3883888888388*+ <  <  + 
1 3 *3338831888888++ *38 
1  <*33888888888883**8 
1 <  +38388888888883+  <  <  + 
1 +3*368388888888*+ < *3 
1 *3*888*3888888888*38 
1  * .+838+ *3888888888+* 
1  +  <  3 *  3838888888088  * 

1 888*  *  *+883888888883 
13* <**8+3888888888863 
•  1  *++388*3*38888888888 
1 1 +  *  33++  <  +  *  <  8888888888 
ll  3333* *<*38388888888 
1 1 <  33*  * .8**33888888388 
1 1 388  <  3+8+ . . <  8883833*8 
1 1883 <*3838888 <8883888 
1 13+*<+33*8+++  .8888++ 

PROPAGATED 


FSR-  1.2319 


C-27 


SET  2  -  RELATI^  <=yj\T.K 

400-Nodes,  non-txaining 


1  •  +  *3*< . **8888S8S3*.38 

!.++<•<  <+  +38088838  ..<  * 

l<+<3  +. < *++*88888888++.3* 
1838+*<  <*  +  *+8383S8883< .+8+ 
i *8*8+3+<+<88$8S3$8SS<++** 
1 «388S33++3+8S#S88883S3«3< 
I++3*+*<  *»83SI8888I3+*8S3* 
I  <  +  <  *3+*+S38l#8S888+. <3*8* 
1 3*3838+33838888S88+*+++*8 
l+*8*S++8838888##38+<+. <  3 
I  ++8<383SSSS88888*38*+< *3 
1  .8333888888858888+* <+< <+ 
I  <  <  +  *  <+88H8#88333**++3<++3 
l+<<.  88888888S3< < *88+3*3+ 
1  <  <  *  <  *8888888888+8883*  +  *+ . 

1  <+8++838838888<  *38383*3< . 


3888888* 
38888888+ 
*88888888 . 
+888888883 
8888H888S* 
388880888 . 
+8880X8883 
888X0X888  < 
*88XX80883 
888X0X888+ 
*88XXX0883 
88800888  < 
*888X80883 
888X80888 
+S88X0888* 
388808883 


Noisy 

;  FSR=  0.4856 
StdD=  0.3059 


!  ....  +*3888883***+ 

I  <  .  .  .  .  +* 6888883+3+ < . 

! . **388X888**  < . 

..<.  <**88888883*+.. 

.  ..  < +888  0888*  *< 

. .  .. 

- *88KX088«+  _ 

. .  <  8S8XX8X88+ . 

+38XXXXX88+ . 

<  .  +88XXX088 .  ... 

.  <*688X0888.  .  . 

. <  <388888X88* _ 

++38888X888* . 

. . *+688XX8883+ . 

..  < **88888888*< . 
+***888888**.. 


PROPAGATED 


FSR=  0.3262 


StdD=  0.3133 


NOISELESS 


<...<+. +888888888888+ 
<...88888888883*+ 

. < . +888XXX88888 * . 
.....<. +888XXXX888S3 
.  .  .  .388XXX08888*.  < 
< 38XXXXXX8 8 83 < . . 
<  .  <  38XXX08X833 .  . 

. 8XXXXXXX888 . . . 

<  . 8XX0X0888  .<. 
.8XXXXX088*<  <  . 

.  .*8X88X0888+  < 

.  .*8X8X88X88+++ 

<  .  **8X880883<  <  <  .  . 
.  338888X888+ . <+< 

< ^ ^ 388888883 < . . <  * 

. *688888888 < <  .  +  < .  . 


< 

.  < 


< 

<  . 
<  . 


1st  Recursion 


+  < 


<+<*888888888888+ 

<  < . <  8888X8X88883+ 

.  < .  *888XX08888*. 

.  < .  *868XX088888  . 


t  .1 .1  I .» 


[888* 


•  • 
+  . 


.  .8881 
• . 38XXXXXX8883+ . 

.  .38XXXXX0883. 

. 38XXXXXX888 . . 

.  8mii[XXnii8 88  .  + . 
80X08X883  <  < 
<8X8XXXXX883 
+8X8X8088+*+ 

<  .**8888  0888 <  +  *.  . 

3*8888X888+ <  <8. 

• +3388888883 < . .+3 
. +888888883 • .  . *+ • . 


< 

.  < 


<  . 
<  .  . 
<  . 

< 


2nd  Recursion 


C-28 


SET  3  -  ABSOLUTE 

400  -  pixel 


t;3++.s3+*8* 

I «3*3*38*3*++8®88888S 
J  8338* «  *3++38*8888SJ8 
i3+*3*<-f+**88*888S888| 

1 3*333*+ • 833S»888S8S8‘ 

1  <+3*S3<+3388SS8^®S®{ 

i  +8833+33$8S»®»S83*+ 

I +3*333+3$8tS88»*3883 

I +*  *838++8«#888®SSSS*| 
1*  +8*8+388t«8##«fiS+* 
l+<***33a$888S88883+ 
is$3++*3a8S8»as»«s+< 

1 33+*  *83aaaaaH833$3+ 

I*++33S8aaSBa88S*<»33 

1 <+**+38$88#8aSS<+33S« 

1  *»38$S8a8a8$8S+8*+a 

I .33*8*8aa88$88+++<+« 

1 383 < 888833883+. <•<.+ 
1883<Sa8888a8.++« .*+ 

I 3< ++3888883+  .*3*  ‘ 

NOISY 


FSR=»  0.4773 
StdD  »  0.0952 


^88888. 

388886681 

*888888881 

<8888888881 

3888BB88881 

»8881M888*I 

.88811SK888<I 

388im>®®3  ’ 

<888ins8as+ 

388EH8EE883 

■4-888EEHX888< 
3881BEKK883 
<8880001®®®' 
*8881U888* 
8888118883 
+888888888 < 
388888888* 
388888883 
<88888883 
+8888888 . 

NOISELESS 


I 8*3+888888888 


1*3* 

1  + 

I 


3«++ 
»3+«  + 


propagated 

FSR- 


C-29 


SET  3  -  PELATIVE 

400-Nbdes,  Training  Set 


+8+S8S38S8* •83S8+33+3*+30 
**+S8S338a*3*S88+<+*3*  *8 
+  *<  *3$S888S8*888*+**+++** 

1  «338*8888aSS8*  +8*3»+.*S< 

!  ss+saasssaataa . . 833*  *  <  <  s* 

I  *S8SS$888838SSS+33*88S-<-++ 
I » *33*3888888888*33-*-* *888* 
13+3<  *888888888* *38<  .-»-*-83* 
[**83S3888888a888*3**3*'i-*S 
I  *38S3388S88S88188-*-*3-i-<  .  <3 
I  <  ***-i.*38388S88888883**3*S 
I  •*-3S3338888888818S-*-*-3<  <+3 
[+++*++<  *8888888888* *•*-*-** 
l-K-*-.  .  <*0888888838888* **33 
I  <-f8-i-»-83*  38888X88888 <-)-**. 
1  **8-t-<  *-*■<  <  * 88888888888833 < 


3888888* 

*8888888* 
-(-88888888-*- 
.888888888 
38881X8883 
-*-888X1X888* 
888XXXX888 
♦888XXXX885 
888XXXX888  < 
*88XXXXX883 
888XXXX888^ 
*a8XXXXX883 
888XXXX88S  < 
-^888X1X8883 
3888X1X888 . 
8888X8888* 


Noisy 

FSR=  0.A693 
StdD  •  0.3059 


.  <  *888888*-*- .  .  •  • 

<  *888S8883< .... 

.  , +38888888-*- . . 

. .+3888888S8+. . . 

<  *888888888< ... 

,  ,  , ,+888888888** ♦ 

<3888888888-1- . 

...  +88888X8883 «  ... 

...  .+3888888888+ . 

.  .*8888X8X883 . 

. . <3888X18888+ . 

. . .•888XX888S*< . .  . 

. . . <38a8XX88«3< .  . 

...*88888X888-*-.  .  • 

. < 3888X88883 < . 

. <*S8B888883< . 

PROPAGATED 


FSR-  0.2225 
StdD  -  0.3133 


Noise-Free 


1 ,  +S888888S+ ... 

1  .+888888888. 

1.  388888X88+. 

1.  «S88XX8888< 

1  +0888X8888* . 

1  . 3888X88888 < 

1.  *88X188888* < 

1  .  3888888888-*-. 

I.  <*8888888888<  ... 
<.  .38888a888S3< . < . 

.+S888H8888S+ 

1 . *8888888888+. 

!...<<.  +8S8aX88888+ 
1.,  .  +8888888888 < 

I . 3088XXX888+ 

I <  < .  . <38881X888* . 


1st  Recursion 


+S8888888< 
+8888888S8. 
388888868 <. 
*8888X8888. 
+888888888+. 
.3888X88883< 
*88X188888+. 

.  8888888883+. 
.388X88888S3<  . 
.08888X8888*< . . 
. *8888X88888+ 

. •8a888888S8+« 

< . . . +8S8XX88888+ 
..  .  +88&888888B< 

.3888X1X888+ 
<  < .  . <  *888X1888+ 


< 


.  < 


< . 


2nd  Recursion 


C-30 


TRAINING  SET 


SET  5  -  ABSOLUTE 

400  -  pixel 


,,«*<++*S833883<+  +<* 

I  +*  . •3«33SaSS+* .  -3 

I  * . , <  <  *383388*3  <  +  **3 
l»3<*  *888388*+  .+3*+ 
1++  3+888388883  <3*< 

I +++85888888883+++38* 

1 3+ . <+8388888883383++ 

I .  +  <  <  8888#88t8833*+3 

1  i38+<8888$8#1188*<  <  <  < 

I +33< *888888883* <* •+ 
l+*++*833888888<  <..<! 

j*<  *3$S8888818. . **+8l 

I  <  * . 38838888+83+3+ . <  8 1 
l++<S8838888<83+*< . <  <  1 
1 *3*8*< **38#883++.  •+! 

1 *3+**S888888S88**+*+I 

l++<83388833888*+833<  1 
I  33888t8883*+< < .++J 
I  *++3*88888888*  *++*  +  *  1 
I8+88<++*888*33*<  <  +  .3i 


+8881888+ 
*88ttt88* 
388#8#883 
38#m#83 
88$nS888 
888BKK888 
88#mt88 
S8$m88S 
S88UU#8S 
S8$ESI888 
S88m#88 
8888KS888 
888888888 
888888888 
888888888 
388888883 
388888883 
*8888888* 
+8888888+ 
•  8888888 • 


NOISE 


noiseless 


FSR=  0.5392 
StdD  =  0,0800 


.  +++338888883* *+<  . 

. . <**88888883**+++ « 

,  < +3888888883* **+<  ; 
. <+**388888S883**+<  ; 
+++**3888888883*** <  i 
+*+*8888888883* *+< . I 
<++**888#8$#88*+++« . 
++  *  33888888888  *  3 *  + . + 
+3**3888888888*3*  <  +  < 
+*3388888888883**+. < 
+3*38888888888*  *  *  *+ « . 
+* *88888888888* **+« « 

«  *  *888888888883*  *  <+ < . 
*3*888888888883*  *++ . . 
+  *3888a8888883*+<  <  +  ., 
**388888888883**+++  i 
*  *  3888888X888  *+++<<  . 
* *3388888X8883++ <+ . 
*338388888888*  <-<■<  +  <  <• 

I  «« *38888888883 <  <<.<+. 

PROPAGATED 


FSR-  0.2586 
C-31 


SET  5  -  RELATIVE 

400  -  NODES,  TRAINING  rSET 


*3333+* *388883* *+*883+*+ < 
*8*883388aSS8S3**+*<+3<  <  < 
**  <  *338888888338333+ <  3+<  + 
+++8338388888888*  * **<  **++ 
<+<83+83888S888SS»+*+*3<+ 
3<  +3 * *+888888838 ^ +3333  •  < 
+.  +*338SS8838838+*+88**8 
<+3*<+*88388*888S+< .33*** 
3*3***838S8888883+< . »<++< 
*+*+883*8888883** *8* ****< 
*33+8*+888888S883*3*383* . 
<3*38++3+8888S888**3**  +  <  < 
*8+*33*888888888833*333** 
38+333*8888388888*88* <3*3 
**+8833888888188* .88++S38 
<  *33838S88$$a8888**3<+83* 

NOISE 

FSR  =  0 . 7000 

StdD  *  0.3093 


•  .  .....  38888883 ..... 
....  88888888 ..... 
... <8888888d< .... 

. <88|$|#8S+ . 

.  .  *88-^X8888+ ... 

.  ..*88888X88*... 

. . *88XXX8883. . . 
.388888X883. . 

.  .3888XXX88*.  .  . 

. .3888XXX883. . .  . 

. . .388XXXX883. 
.388XKX8863. . 

.  .  *888XXX88*.  .  . 

. . •888XX888*. . .  . 

. . .+8888XX88* . . . 

... <S8888888< ... 

PROPAGATED 
FSR  =  0.1699 

StdD  =  0.3098 


*888888* 
38888863 
88888888 
. 888XX888 . 
<  888XX888 < 
+88XXK88 8+ 
*88KXXX88* 
*88XXXX88* 
*88XXXX88* 
*88XXXX88* 
*88XXXX88« 
*88XXXX88* 
»68XXXX88* 
*88XXXX88* 
+S8XXXX88+ 
<Sa8XX88S< 

NOISELESS 


. . <38*388888888 <  < . . 
.  . *33388888888+ <. . 

. ‘ *38881X8888 < . < 

. . <+3388XXX8888*<  <  < 

*  ..••88X1X8883*+.+ 
.  ‘+88XXX88a83< . < 

. ‘388XaxX8883<+. 

. . +88X8X8X888  < . 

.«  <8888XX8888+  .. 
. .S88XX888883<+. 
. . <8888X888883 

. *88X8X88833*. 

- < .3888XX88S38*. 

•  ..+88888888*38+. 

•  <  < . .+8*888888**33 
<<.<<. +3 *88888 <  *3* . 


1st  RECURSION 


.  .  . * 88888888+++ < 
+8888X8888++ < . 
.3888XXXX83+< .  . 
.*8888XXX86<  < . 
<SS88XXX888< . .  . 

. *d8XXX8X88+< 
.+888XXXX86S< 

. *a88XKXX88* 

.  +8a8XXXXX8S.  ... 
. 388XKXXX88+ . < . 
.+88XXXXX868 


.  .  . 88XKXXX888+ . 

...  . *68X1888883 
.  .  .388X888888< 

<<3888888888 
. <  *888888888 


2nd  RECURSION 


C-32 


SET  6  -  ABSOLUTE 
400-pixel 


Training  Set 


!+3+4-.388S$fi*SlIl[888.  . 

!  «3*3*38S8SSSS88S83*  + 
1S338**888888*8883*++ 
I3+*33*88SS8S*883<  <++, 
1 3*33SS8*$8SSS88++*  *8. 
I  <+8S$88SS38S3+*3**8| 
I  . +88S8888888SS*  <  <  < . +| 
'+•38888888888**  .+*3| 
+*888888S8883+8+*+38| 
*  3888888888*3833*+*! 
++888888888<+338**+  ! 
.  88888888833+3+*33+< 
l38888888833*83<+83+*! 
1  338888888+8*33* <  <**3! 
1  +38888333  <  338  *  *  <  +338! 
1  .888883+*S8+888+8*+8 
I  <8888+8*+33**3+++<+8 
1888+8*8+. <+8++. < . < .+ 

1  888 <  *38*3333. ++< . *  +  * 
!13<  +  <+3**3++<  .*8** 


«888m[>S8* 

.88»Hggg»as* 

38$11K1X883 
<  88$mKt8S+ 


3811 


$83 


+88$1SKH$88< 


38$1 


till 


$83 


<88$llXKt88. 

*88$nX$88* 

88$$n$883 
+88$$$$$88< 
3S8$$$$88* 
3888$8883 
<88888883 
+8888888 . 
+8S88S3< 
+38883  < 


+333* . 


.+*  + 


NOISE 


NOISELESS 


FSR  0.5756 
StdD  =  0.0763 


+  *3888888$88833+<  <  * ' 
<3*388S88$$$888**3** ’ 
+  <  <33888$X8$8883*33< 

3 < 3*88888X2X88338++ . 
**+83888$$X888*38*+. 
*383888$$$$$8883+*  <  < 
383888$$$X$8888<+*+* 
+*88888$8XX888S<83+* 
3388888XX$$$888838*3 
*388888X$X$888888+++ 
388888$X$88888883*  <  * 

I  38838888$8$88833*3<  3 
1 338888$88$88838838*  < 

1  **38888888$888*8*  +  *  + 

I  *8333888$88888888*  <  * 

I  *888888$8888888*3*+. . 

I  38838888888888***3+ . ! 

1 888888888888883*8*  *  *’ 

I  *  88888888883338  <<  +  *<' 

1 38838888888888 .<++«+' 

•  wwwwwWWW*9OiS>(JOOO00000 

PROPAGATED 


FSR  -  0.7304 


C-33 


SET  6  -  RELATIVE 
400-Nodes,  Training  Set 


I  3368S88S8SS8  *  838  *  S388-I- < +8 
1 3»3888S8*338+83+ .*<++.<  *8 
1388S883888S8<S+*<88*  .8*8 
I  *+8+888S8+S8*3*3<38*++S3. 
13. 3*88883888*888 <8* <*.*8+ 
18883*888*888S8++<**+3<  <  < 
J83<3*888S8888883*+++38*++ 
i  8*  < -i- * 8H888S8S83883-i- <  3  *8  *  * 
1  +  . <8333888888838*+<  «3+3*+ 
I  <+*3**8338B888S*++< . *8388 
1-I-.  <+8883888888*+<  <  .  +  *888 

l«  , »* < <++S8S8888833+3+888 
I ++. 33+ < +8888888383+ < *+*  + 
133<**< **38888888833+833. . 
18S88+. *3.8881818888  .++3+ 
I  ***■«•+++<  3888888888  .+8*3* 


NOISY 

FSR  =  0.6237 
StdD  =  0.3057 


1  .  *88888883.  ... 

1  .  .+88888888* . 

1 . . . 888888888^ ...  .... 

1  ..3888888888 . 

1..  +888888888* . 

J - 8888888888 . 

1.  *S881188883< . 

1 _  8881188888* . 

1...  . *8811888888 < . 

1..  .  .8818888888* . 

I.  ..*8818188888 . 

I . •  . . . 8881188888* ... 

1 . *8888188888  < _ 

1  ...  3888888888+ . 

1 . <8888188883 . 

1  .  .  .  . . +888888888 < . 

PROPAGATED 


FSR  =  0.1614 
StdD  =  0.3152 


*8888888* 
+88888888+ 
888888888 
3888888883 
+88810888* 
88800888 
*88800883 
88800888 < 
*88010883 
88800888+ 
*88100883 
88800888+ 
+88800883 
388810888 . 
88880888* 
+888888883 

NOISELESS 


1.  *88818888 < 

I  +88810888 . 

1.  888888188<.  <  < 

1.  .*88810888.  .  < 

1  +88810888*  ...  < 

1  . 38180  8883  <  .  < 

1.  388108883+.  < 

i  .  88108888*+.  .  . 

I  .  <388  0  888888<  .  <...< 
1<  .8881818888*< . . .  .  < 

i  . *8188188888+  . .  < 

J  . • . 3888 8888888 < . 

!....<  .  +888  0  88888+ 

I . .  .  +3881888888 <  . . . 

1  .  ...  .  388880888+  <  < 
I  <  < .  .  <  38880888+ . .  . 

1st  RECURSION 


.  *88888888. 

+6880888* 

888888888<  .  • 

388808883.  .  • 

+888818883+  .  . 

.381818888*.  .< 

■  38008883 <  .  ^ 

88108888 *  < . 

,  .388  0  888883 . < 

<  .S881818S88*< . . .  .  < 

. 38188188888 <  ..< 

. 38888888888 < . 

.  *  888088888  < 

..  .  +8881888888 <  .  . 
,  , , ,  .  388810888  <  < . 

<  < .  <  38801888+ .  . 

2nd  RECURSION 


C-34 


SET  -  7  ABSOLUTE 
400-pixel 


Training  Sec 


1  »**  «  +  **SSg8SjgS<+  *<* 

l.  +  «  .388a88$8a-i-*.  .  .3 
I  < .<<»8S88«833  <+»*3 
l*3<»  388S888**  .+3*+ 
1++  3+S8S8888S3.  <3*< 
I  +'f4'888888888S8't'++383 
113+.  <+S38888SS83383++ 
ll<  +  <  <8888#88t8833*+3 
ii  *3S+<8888#8#S88*+<  <  < 
ll+33<*88888SS83»<*** 
ll  +  *++*S3*8$8SS8<  <..+ 
II  *<  *3SS8SS|8H8.  .  ***8 
11 <*.38838888+8**3+. <8 
(l**<88333S3S.3*  +  *< . <  < 
11*3*8* .*+38883*++.  .+ 
( 1 *3+**3S88888888**+*+ 
’  1++ <88+33333888 *+833 < 
.1  383S88S88*++< < .++ 

!  I  *++8*3883388*  +  *++*  +  * 

I  18*88<  < . <38a<+3*  <  <  +  .8 


NOISY 


i  88101888 

i  8810X888 

J  888X0888 

1  888X0888 

1  888X0888 

1  888X0888 

i  888X0888 

1  888X0888 

i  888X0888 

1  888X0888 

1  3888X8883 

i  388888883 

i  *8888888* 

1  +888888S+ 

^  . 8888888 . 

i  3888883 

.1  *88888* 

.1  <  88888  < 

.'1  *888* 

<333< 


NOISELESS 


FSR  *  0.5805 
St<iD  «  0.0766' 


i.  +++338888883**+ < 

J  .. <**88888883* *+++i 

I.  < +*888888883* »*+< 

J .  <+* *388888888* **+< 

J  +++**388888888****  < 

1 .+*+*8888888883**+< 

I <  <+**888#8$#S83+++< i 
1 <+**3888888888*3*+.+ 
1 +3*  *3888888888*3*  <  +  < 
l  +  **3888##888883**+<  < 

1  +  *  *88886888888*  *  *  *+ < 
J+* *38888888868* **+<  < 

I ***88888816888*** <  <  < 

1 •3*888#8I88888***+< . 
l  +  *388S8l#888S3*+<  <  < . 

1 ••33888888$8S3**+++. 

1  **338888  0  888*+++ <  < 
i  **3*8S8M#8883+<  <  +  . 
i  *8383886888S6*<  +  <  +  <  < 
i  3 *  *8888888888 •<<<.<  + 

PROPAGATED 
FSR  «  0.4234 


C-35 


SET  7  -  RELATIVE 
400-Node,  Training  Set 


1*8  <++8++8a888«8< <3< < .+*< 
l38+*< . •3*3SSat8t8383333*+ 
1 33383+883S88AK088+++*  *3*  * 
I  -i-*aS8*  <  +8888S8S8#8+*3*->-  <  3 
J  <  <  *38***8888888888***3*** 
18*-(-('*33*d88888f8H8*-<-.  <  **3 
l*<  +  *+333*888S38818*+< . <  <8 
J  +  *+3++. . *88888838* « .  +  <  <+3 
1 88*3++  <  38*88888883*  »*»<++ 
1 3*3333+*388888833*  *883+*+ 
1 +*8*88338888888333+* <+3<  < 

{ <  *  *  <  *338888888388833+  <  3+  < 

1  <  +++83388888888883*  *  *<**-4- 
l+<+<83+83888888888*+*+*3< 
I88<  +3**+88E888838<+3333. 
I++.  +*333881833333+ *+88** 

NOISY 

FSR  =•  0.5422 
StdD  *  0.3040 


. 88888888 . 

.  88888888 .... 

. <88888888 < ,  .  .  ’ 

. +88888888+.  .  . 

. +S8181888*.  .  .  *  *. 

. . 

..*881111883..  . 

..  ..3888111883. 

.  ..*881111883.. 

.  .*881111883..  .. 

• . .3888111883 
...*888811883..  . 
..*888818883.. 

.  ..+88818888*. 

. <88888888+...’ 

....  88888888 < . 


38888883 
88888888 
88888888 
< 88811888 < 
+88811888+ 
*88111188* 
*88111188* 
*88111188* 
*8810188* 
*880088* 
*880088* 
*880088* 
*880088* 
+8801188+ 
+8880868+ 
.8880888. 

NOISE-FREE 


1  ^ ^  38  *  388888886 . < . . • 

1  .***»88888888<< . 

1  <**888  0  8886< .  < . 

I.  .  .+33888  0  8886*.  <<  .. 

I  .  . .**88lI18a83*< .< . . .< 
t.  .  <+88018888*< . . .  . 

I<  .<3881H0888*<<.  ... 
!  ..<8818181888..  . 

.<  <888810888+  .<<< 

. .  8881088883  <  + .  < 

.  <38881888883  <.. 

...  .+881818886**. 

. <.*888  0  88836*.  . 

.  .  .  <36881888338+ 

.<..<<. .+3*888888**33 
_ << .+3*S88aS<*3*. .  . 

1st  RECURSION 


propagated 

FSR  =  0.2075 
StdD  *  0.4075 


...  * 8888888S+++ < 
+888818888++ < . 

.  38880083+ < .  . 
.*8880088<<. 

< 88800888 <..  . 
.  *8800188+< 

. +888101888 < 

.  *8880088* 

.  +88801088. 
.38810088+.  < 
.+88010888 
.  .  .88800888+. 
...  .*68  0  888883 
.  .  .  . 3881888888 < 

1.  ..  <<3888888888 

I  ...  <+888888888 


C-36 


SET  8  -  ABSOLUTE 
400-pixel 


Training  Set 


8888888t8S8#  w  ««  ■ 

8**SS3S888#8388*+<+* 
833888S318888S$*+*3S 
<  *38H8S888$8S88833$ 
<*SS88888l#88#83+<  <  + 
*3*888888818888+  <  +38 

*33S8S33S81888$88*88 
■*  +S3S*38M888B883*3 
^  i-k  A  M  oi  <a  a  O  flt  41 A  A  ^ 


S88S8888S8 
3338**  <  *8$*8H888S3S 

3833<  8*  *38338888*38 

8S8<3*S+<  <+S+*  +  ***  +  * 
SS8<38S38888<  *+*+8** 
8+ *<+3338+++  .3833 

NOISE 


«888m88S* 

<  888UU888  * 
38#nm#83 
+8881111888 < 
38811111883 
<  8881111888+ 
3881101883 
. 8881111888 < 
*888111888* 
3888118888 
<888888888+ 
*888888883 
388888883 
38888888  < 
.8888888+ 
<388888+ 
<  38883+ 
. *333+ 
+  *+. 


noiseless 


FSR  »  0.6351 
StdD  =  0.0763 


++38888881838*3*  +< 

.  *  <  388888888888+*3*  * , 

■  + < ++888888888S8++83 < ; 
I*4-***888888883333<*<  ; 
I  *3.+*88888M88*83*+.  ; 
1  < 333*88888188883++ <+ : 
1 383888888888888  <  ++ . + 

1  <38338888818888+8* <8 
1 338888388888888833*3 
1+388388881#8888833*+ . 
1 33888388888883886+* <  , 
1 888 *888888888888 *8 <8 , 
1 3*83838688888388383+ , 
1< 8+33888888838*83* *< ; 
1  *8333888888888836*  <  * ( 
1  *8888388888888833+. .  ; 
J 333*8388888888*33* < < ; 
1  *888388S8883*83383<  *  ^ 
]  +88338338883838  <  +  <  + . 5 
!  88883838838388 <  +3* . *  ^ 


PROPAGATED 
FSR  -  0.8975 


C-37 


SET  8  -  RELATIVE 
400-Node,  Training  Set 


I  •f33*8+3<  ++ *3S888SS#8S8-<- .  + 
l+»**+<«+*  <+S8B8S*S**+. <• 
1  < 3*3*3+ . +* *3S88SS388*  . 3* 
1  <*+3.33*<  < .883888388 *<+S3 
1  *3 . 3<  *3*  <  < 38838#8383 <  * . *3 
1  *8333 . *  < . <  888888838++*  <  <  < 
l+8*<3<+*3388888888*+<*3*+ 
1 38  *  <+ *  *  888388888883+  <  3+3+ 
I  <  + . <  33  <  *  3838888383  <  <  <  3+3* 
I  . <+*3+3833888888* <  +  < .*338 
I  +.  < +8883888888 <  <^ .+*88 
j*+  «»*33*888338<++*+*<88 

1  ++  < . 3883388888  *  * . +++  <  +  <  * 

1 3* *< 383888888883 <  <  <++3*3. 
1888888388*8888883**+  .++3 
I  ++*+33883*8888+  <  +  <++. +8*  * 


*8888888* 

+88888888+ 

888888888 

3888888883 

*8880X888+ 

888im888 

38810888* 

^  88880V888 
388HE88* 
+8888QB1888 
388HE88* 
+888H888 
38811888+ 

.  688H8883 
*88818888 
388888888+ 


NOISE 


NOISELESS 


FSR  =  0.5860 
StdD  »  0.3057 


. *8888888* 

. +88888888* 

....  «... 888888888  < 

. 3888888883. . 

. +888888888*.  . 

. 8888888888 < - 

....  38888888883  . . . . 

. < 8888888688 <  . 

. 38888888883. 

+8888888888 < 
.3888888888*  .. 

. +8888888888 <  . . 

...  3888888888*.  .  . 

.  ..8888888888. 

_ *S88888888< . . 

388888888* ... 


CLEAN 


FSR  =0.1598 
StdD  •  0.3152 


J+..  <+.+888888888888* 

I  < . . . SS8888888S83+  . . 

i .  ... +888888888883 . 

J.«.  .<.<  S88888B88888  « < 

I  .  .  .  388888818683  <  .  < 

f  <  ^  *88888888883 <  « < 

1<  .  .38888188883.  .. 

J  ...  .8888881888.  ♦ 

I.  <  .8888881888  .<.< 

1.  .  81818888*  <  <  .  <.. 
J  .  . *8888888888+  <  <  « 

1  ...  .*8B188888<  +  < 

I « « <  <  < 33888888883 < « < . 

1  . . «  «  3388888888  < . <  + « 

1+  ..+388888888*..  <* 

I  ... *888888883. .  .<<.. 

1st  PROPAGATION 


+<  <+.*888888888888* 

<  < . . 8888X8X88883+  . . 
.<.*8888X18888*. 

...  .<.+888X8X18888  .<  . 

. .  888XXXX18883  <  .< 

.  .  .  .*88X8X18883+..  .< 

<  .  .38XX8XX1883.  .. 

...  .38IXXX1888. . 

<  .  8M8H8118S  .  +  .< 

88XXXXXX883<  < «  <  «  « 
<888XXX1883  <<. 

...  •8X8X8188+*+  < 

I  ...<  .3388881888 «+*.  • 

I , . , .  3* 8888X888 <  <  <8. 

I  +  . . +388888888* ... +3 
1  . . ,+88888888* . «  • *+ • • 

2nd  PROPAGATION 


C-38 


SET  9  -  ABSOLUTE 
AOO-plxel 


Training  Set 


a •»*<+< .+< • .++»«**3+ J 

I  +*  . <+3. <+8*8*8+«+^ 

1  .  <+3«3+3383a, 

l»3<*  <3*+.*8+*«*8S3+| 
,++  3+*3+.«3S88*+3$3<, 
1+++838**33SSS8888SS*| 

'  I  < +*  <  <  •8*88S888S+'t| 

1  +<  <83*883«t«a«S8+*, 

I  i3S+  <  883883 tM«S3+  <  <i 
;i+33<»8*S88SSSSS38*+  \ 

I  *4-^8S888S3+'t‘  •  • 

l*<  •3383888818* *3*+€i 

1<  *.38838888*8888+.  <£i 

1  ++  < 88838888 < 8833 .  .<<i 
1*3*88+3*3888883+.  .^l 

1  *3+388888888888*  *+*-*1 
1  ++ « S8888833S88»+833  <, 
1  ,8888888S83++< < .++ 

i *+38888888888+*++*  <  * 
,I8+8888*38S8++3*<  <  +  .3 

NOISE 


+  *+. 
.*333+ 
<38883'*- 
<388888+ 
.8888888+ 
3S888888< 
388888883 
*888888883 
<888888888+ 
3888118888 
*888118888* 
.888111*^®®^ 
38811111®®^ 

<  S881111®®®''' 

38811111883 

+S881111®®®* 

38810®®!®®® 

<  8881111®®®  * 
*888111®®®* 
888811®®®® 


I 

I 

I 

1 


I 

1 

1 

1 

1 

I 

I 

I 

1 

I 


noiseless 


FSR  •  0.5684 
StdD  =  0.0771 


•  ++*338883338+33+. 

,  .++38388388333+* <  + 

< .3+38888888883**++. 

<  *+*+38888888833*++ . 
+33+ *88888888383*  *+ . 

+++*838888888333*  *  < 
+++*3888888888*833< . 

• 3*  *  388888888838  *  +  <  + 
+33**888888888*3*+< « 
+383888888888833*3 <  < 
i 3++ • 8888888888333++  < 
l|  3*338888888888833  <  + . 
k 3*  *88888888888*3*+ « + 
f|  *338881888888833*++ « 
l|  *  *388888888883*++  <  *  < 
l|  3**88888881883+3+++  < 
It  *+88888888888333+++. 
1|+*  388888188883**.+  • 
||  **388881188883++*++* 
l|  *3888888888883*+* « ++ 

PROPAGATED 

FSR  -  0.6248 


C-39 


SET  9  -  RELATIVE 
400-Node,  Training  Set 


1  +  • 3398833358  * + <  *  * ' 

I <3*8888S+3S83*++*+*3*++< < 

1*8+*8®S8$$8*S3<+8*3»*33 

1 33+  *  8«S88««+  *  3+  *8+1 J+ «  +3 
1 **+8S»88SS8SSa8+< •8»++838 

I  .•*38S«8t«t#SSS*3**3.+|  + 

1 *33*8*88«88S83»  *33* ‘ < ‘f 
1 3*  * •8+33«S8SS3*83»  *  *3*f ++ 

I  +  <  S*3+338883S888«3*8S+888 
j+«**33+89883S«8SS»*38+  <3 

1 8*+33»  <  3S388S88SS3*  *3+3+ 

1 +++88++3*  <  *533855*  <++«*<  + 
1++3***  +  <  +  *858»»S8333+«  <++ 
l++3+<  +  <  *388885858*.  *•*;< 

<8588H88355*+3533 
l+3+**+< . <+88885888838*3<  < 

NOISY 


FSR  =  0.6028 
StdD  =  0.3060 

. 35888853 < 
.*588I8853< 

. <  88888885+ « 
.358888885* 
.*888888888< . .  . 
..<5888881883. 

.  <3888811885*.. 

. .  +5888811888 <  ... 
.  . .38888111883. 

. +5888111888  < . . 
...3888811188*  . 

. .  +5881181188 < .  . 
.  .  .3888181185*.. 

.  . 8888818888 < 

. +588118885*. 

..3888888853 

PROPAGATED 

FSR  =•  0.1531 
StdD  =  0.3141 


*5888858. 
*58888853 
<888888853 
388888885+ 
*58808888 
. 8881118883 
388081885+ 
+588880888 
88801088* 
+58800888 
88810088* 
<56800888 
38800885* 
88800888 
*58810885+ 
3888888883 

noiseless 


>  +68818885 < 
+58810888. 
888818188+ . 

.  *8800888  < 

I  +88101885* 

<  .  38001888  < 

38001888+ < 
i  .  88008883*. 

1.  .  <*881088888+..  < 
+  •  88801888S3+<  .  . 

I  ..+8888188885* 

<.  ...  *888088888+ < 
!•..<<..  +888  0  88888* 

••  •  <6881881888+ 

. *3888  0  888* 

•  *88810883  <. 


1st  PROPAGATION 


.  *88888888. 
+8880888* 
68888888S< 

*588  0  8883. 
+888118883+ 
.38181888S3< 
3811118883+ . 

.  88018888*+. 

.  .3680888883<  .  . 
<.  .8881818888*< . .  . 
. *6188188888+ 

. . . 38881888655 < . 

.  +888  0  88888+ 

. .  .  +8881888888 < 

. 38688  0  888+ 

(  < .  <  3880088+ . 


2nd  PROPAGATION 


C-40 


SET  10  -  ABSOLUTE 
^00-pixel 


l*3**.833S8S<*88aSS. . 1 
I  *3*333S88S883683663'f ' 
1  S8883-t-88888S+'t-**8*++ 
I8+*8*<38SSa8++»*+<+» 

1 3*38333+88888*  *++**8 
1  <*338888838S*+383*d 
1 <  *6S38388888S8*++ <  <  + 
1+3*83888888888*  .+*3 
l+3*S3888S888S8&+**88 
1*  +8*8888888888833+3 
1  +  <  3*388888838888*3+ 

1 S88+*8S88S8883383*+ 

1 33*  *  *888888888  <  +83*3 
1 *++388S888K888*  <  +336 
1 <*3*+88S8d88883<+33S 
I  3*338Sa8888888+a*+8 
I  .38***aa8888S8*+-i^<+8 
1 383  <  3888388866  <<.<.* 

'1 883  •  3888888836+  ^  •  3+  * 

4  3++  <  +8a88S88++38*3 

NOISY 


*888* 


< 88888 < 
*88888* 
3888883 
•  8888888 • 
+8888888+ 
*8888888* 
388888883 
388818883 
888111888 
888111888 
888111888 
88811188S 
S8811188S 
S8811188S 
S8811188S 
S8811188S 
888111888 
888111888 
88811188& 


NOISELESS 


FSR  »  0.5935 
StdD  »  0.0778 


I  .+*38888888583*+. << I 
I  *  <  338S88888688+++  <  + 1 
I <. <+88888188888*+++  J 
I  *<3*388888888*6*3<  < . 1 
1 +*+33888881886* *3* <  > 
I  <3*+*8888888888*+< . .  '• 
J  *3+388888188888+ <  <  <  +  * 
1 <  383*8888118868+3* . *  > 

I *33888888888866633+* • 

I + *333881888888663 < . < i 
I *8686881188888883 <  <+i 
I *6838888818888*3*3<  *l 
1 38886888888888883*  + .  1 
1  <  *+38888888883*6*** <1 
133*83888888888883* .  <( 

1  *88688888888866*++ <  '• 
1**838888888866+*+*  < 
i  *86888888858883* *+<  <• 

I  *86388888888**3.  <  < .  .• 
138336888888686. <  <  < .+ 

PROPAGATED 

FSR  «  0.A070 


C-41 


SET  10  -  RELATIVE 
400-Node,  NON-TRAINING 


l+++*38<*8*8««fi888*. *+++33 
1  **-»•«  888S3«*S8E88883388**  + 
188*88* .+88SSS8S8+*S333+++ 
1 383* . <  *3S8S8S333388*8++*8 
1  *  *88 .  -(•88888888888*  .  -(-83388 
1 3333 <-(■* 888888888 *<  <*333** 
1  *883-(-8888888n88*-(-3-(-*3*3* 
1 888-(- .  38B8888883*  *  <  83+*+++ 
1  «-(•< -(-8888888888838*  88  <-(-*38 
\+*  <  388 .  -(-888888888**8*3*38 
|**88-(-*  *388888888* -(•***  <3* 
I -(-(-8-(-.  <-(-8888888883  ’*3**3* 
I  <  .3-f3.  <8SE8888888-(- *-(-38888 
\  +  *+  *< .  «8E88888883-(-*388*8 
I  ««4.««+++528888888-(-.8888<8 
I  <  +  *8+-(-33888888883*  <  *88888 

NOISY 

FSR  *  0.8010 

StdD  =  0.3333 


I  .  .+-K  <  <  .+«*»8883-f-(-*-K  .  .  . 
!..-(-<  <<<.***38888**  *-(■<,  . 

J  ...<<<  .-(-*«*83Saa*-(-(-<  <  .  . 

1  <<-(-(■<<  <-(-*SS88883-(-(-<  .  . 

I  .*.<-(■<  .-(■*38S8888**-(-<  .  .  . 
!....<<  < -f 388888883-f  <  .,.<,, 
1  .  <-("(-(-8S8888883-(-<  ..  . 

1  .  .  .  <  <  <  *S88E888S3-(-  . 

1*  —  *<38a888aa8*-(-. 

1  . < < *388HH888S3 . 

1..  .  .+3888M888*  .  .  ,  . 

1..  .* *8880018 8-(-.  *.  . 

1.. .  . <*8S881B18S3< .  . 

I*.  .. **888111883* < . 

1.. <  <-<-*388888888*  <<.*.*...  .* 

.  .  <-(-(-*88888888*<  .  .  . 

PROPAGATED 

FSR  =  0.3096 
StdD  =  0.3103 


*888888* 
38888883 
38888883 
. 88888888 . 

<  88888888  < 
-(-88888888+ 
+88888888+ 
*88888888* 
*88888888* 
*88888888* 
*88888888* 
*88888888* 
+88888888+ 
+88888888+ 
+88888888+ 


!  < . . <+++*S8a88888<++< 
i  . .  +++<88888888++*  < 


I.  . <++*88818888+* < < 
.  * .  +  <+8881188883+*  < 
< . < +888118 888 *+ <  < 
<  . +88 81118 8 88* < . 
<  . <*S811118883< < . 

. . +8111111888 < . 
*.+8111188883+  . 
< .  . . <  8111118883+  <  + 

. . <  +8181118883  < 

. <888188888+*  < . 

..<*.<<  888811883++ . . 

.  .  .  .  ++388811883*  +  *  < 
*...<<<  388888888  <  <  <  < 

.  .  .  .  <  <++88868883. <  +  < 

1st  RECURSION 


...< *3*388888883. <*.. 

.+***88818888* _ 

+**881111888+. < . 

.  . .+*3681111888*< < < 

.  .**881118888*< . < 

<  +8811111883 . . . 

<  .  <*8811118883. < 

. +8811111888 . 

.  <888111118S< 

•  . 8881111888+ « < . 

<88811111883 
..  .  .*8811118883+. 

. < . *8881188838* 

.  < . <388818883*3* 

.  < . . <83888888*+3* 

.  .  .  < . .+3388888+*3* 

2nd  RECURSION 


C-42 


SET  11  -  ABSOLUTE 
400-pixel 


)l  *38++<  .  +  <•  .++*<+  +<*i 

11  .+*+ 

1 <38<+++3. <+8*8+* .  .3i 

11+333*. 

1 .*+***++. <+3.+  <+**3! 

11 +38883  < 

188*8+383+. *3  .  .+3*+! 

11 +888883  < 

1 *3+88883 < <33++  <3*<! 

11  +8888888 . 

1 *33888888333*++++38*  1 

11 

1 33  *  3883888  <++  *  3383++ 1 

1  388888883 

I . **+388888+383833*+3i 

1  388888888* 

1 *888818888*88*8*  <  <  <  < ! 

1  +888888888 < 

1 +38388888888++* <* *+ 

1  8888118883 

1 +*38888388888+ <  <..< 

1  *888111888* 

1  *  < . 88888888813 . . *  *+8 

1  <8881111888. 

1 <  * . 81888888+83+3+ . <  8 

1  38811111883 

1 ++  <  81888888 < 83*  * . . <  <  | 

I  +8881111888 < 

1*3*88+3*3888883+.  .+i 

1  38811111883 

1  *3+*388888888883*  +  *+| 

1  <8881111888+ 

.1  ++  <  8338888888183833  <  [ 

' 

1  38811111883 

li  3838888888883+. ++I 

1  . 8881111888 < 

II  *++3*388888888833*  <  *i 

1  *888111888* 

11^+88  <<  +88838883  *+.  8' 

1  3888118888 

NOISY 

FSR  -  0.5690 

StdD  =  0.0771 

NOISELESS 

I.  <++*338S3883*3*+ 

I  .  . .  +  *38S$88SS8+3<+3+ 
l<  ++3S8SSSS883+**++ 

I <  <  «38«88««8SS83*»+ 
l+*3«338$888«S8*»*+  « 

I < <+33838#8««88333*< 
l«+*««3888$8$88**3->-*. 

J  *3«833S888888338»«<  < 

I  •••338888888SS+*8++ 
J+«3888888888S883*< .+ 

I *3*33888888888*  *  *+++ 

1  -(-33S88888888883*  *  <  -»• 

1 •3*8388888M8883*  * .  +  i 
1  ••*8«88M88*833+3+<  < 
i 33388888818888*++++ 

1 *38838188M88833*+*c ’ 

1 3*88888811888*++ <  +  <  * 
[+*88888818888*++. <. 
**888888l88883«  +  <  +  « « 
il  *3333888888883* .  + .  < « 


PROPAGATED 
FSR  -  0.9492 


C-43 


SET  11  -  RELATIVE 
400-Node,  NON-TRAINING 


*33-f8*-i-3-t-i-8838388S8Sa83* . 
<3*38++*  <338S8S8SSS8++. < 
*8++33*  *  *  *++«88$ia88833*  * 
38+333*8338+38S8tSEa+<3+3 
*  *+S8333++888StS8*88++838 
. *  3383SS8S8#88 888888 . +83+ 
*88*8 <  *+83888888888 <  <  *8+< 
33*  *8  <  +  <  8888888888833*8+* 
++833++*88838SSH88*88+S88 
++3*83<  88883888883*38+*  <  3 
!  83+38* *8888888888* * *8*3+* 
I +** 88+888+3833383 <  <++<3<* 
l+*3**88883SB#8883+*8+<  <++ 
1+*8+<88++888888++*** .*3*< 
133* *388+8888888 < . *3++38a3 
l*3**883*8S8a8S+333**a*3<  < 

NOISY 


.3888888* 
38888888+ 
*88888883 < 
+888888883 
388888888* 
*888888888. 
+888888888* 
3888888888 < 
*8888888883 
I  8888888888+ 

,  *8888888883 

I  3888888888  < 
*888888888* 
3888888883 
»  +888888888+ 


noiseless 


FSR  *  0.7834 
StdD  =  0.3333 


1 . <<<.<*383*3*  + 

I  . <<  <*338888*+ <  . 

!  .  .  .<.<<<<  88888833*  < . 

<  •  «  , <  <  <  *88888833+ . 

... .+< +88888883* < 

. <  <+88888888*+.  . 
...*888888883+  .  . 

..  ..<388888888*+ 

. *888888888+ 

. 3888888888+ 
.<3888888888... 

. .+8888888888 _ 

<*388888888*< . . . 
+3388B88883*< . .  . 

.  .. <*388888888** < . 

.  +*33888888***< . . 

PROPAGATED 

FSR  -  0.2488 
StdD  *  0.3141 


1 

J  < 
+ 


l+< . .+*+*88888888*3** < 

[  ++<<8888888883*  ++.  . 

1.  <<<3888888883***. 

I . . . . <+<38888888883** . <  < 
...  « <88888888888*+. < 

.  .+388888ai88**< . . ’ 
.  .+8888888888**. . 
. 8888888888*. . . 

*  .  +  .  < 

. . 8888888868*+ < .  < 

. . .+8888888886* 

..  . +888888888* *< 
<<<**888888883+++! 

..  *+88868888* <+*< 

. <++*8888888S+< .+• 

. .+*3*888888*+. <*+. . 

1st  RECURSION 


< 

*  < 


<  < 


<  i 


•  « 
•  • 


.+•<  *88888888****< 
<+« <888888888 *++< 
.+<6888888883**+ 
<++6888888888**+' 
<<88888888883++ 

.  .« 8888888888 »+<. 
.+6888888888+*.  . 
.  .  888888)088+ 

*  ♦  W«88888a'.  +  . 
8088888883  <  < . 
<8888880883 
>  <388880883*+ 

..  +  <68880888***, 

+ . *88888863++8 < 

< <+38368888* << *8 
« ••+388888*+. <•*. . 

2nd  RECURSION 


C-44 


SET  12  -  ABSOLUTE 
400-pixel 


tbaining  set 


I *3*3*8SS8#8+8|88SS. . 

I «33S88888SS8888388*+ 

I  S3S88888S88S-<-4-*«3«++ 

18*8888588888  <+**  +  <++ 

1 3888888*# 883*  *  *++*  *8 
I . *88818888* **++383*8 
I+88#8#88888+*8*+< < <+  - 
138888888888+***  .+*3  ' 
J888#8#838S8***8+**88  ‘ 
18*8#8#88338* *88333+3  > 

1838888883** <+338**+  < 
l##88SS883+**3+*33*<  * 

I888888*33.*3*83<+83*3  < 

I  888888** *+8338* < <338  * 
I38S83*<+3<838**<+338  ‘ 

1 <8S88*+< *38+888+8*+8  ^ 
l+8S3*<8**33**3*++<+8  * 

1888 <3+8+. < +8++ . < . < •+  ^ 

1883. *88*3838. ++< .3+*  * 
13++<+3**3+++  .*8**  * 

NOISE 

FSR  *  0.5808 

StdD  =  0.0772 


*88#IlBt88* 

.88#lllHt8S< 

38#lM«l»t»3 

<  S8#mitfts+ 

38#^mm#83 

+S8#lEa#88< 

38#IlXn#83 

S8#11X1#88- 

88#11X#8S* 

8##BE#8A3 

8#####88< 

8####88* 

8888883 
888883 
88888 . 

8883  < 

883  < 

3*. 


NOISELESS 


1  *<*888888#88883*<++ 
1 +8+38888888#883*  *  38+ 
1  +  <  +388888888883**88  < 

I *+*38S888###88333+*< 

1 *3+338888##888*33++< 
13*38888#88#8888*+*<+ 
1 388888818888888  <  *  *  ++ 
1 33388888#8K8888  <  33  <  * 

1 33888 886#888888883*3 
1 *38888888#8888888*53 
i 838888888888888883++ 

1 3888888888888883*3  <  8 
1 *3888888#6888*8838*+ 

I 3338388888#833*88*++ 

I *8833888888888888*  <  * 

1  *8888888888888838*++ 
i  88338388888888*33*  *  < 

1  *88888888883883383** 

I  *88888888883838 <  +  *3< 

1 388S3388888388++3+ . * 

PROPAGATED 

FSR  -  1.3403 


C-45 


SET  12  -  RELATIVE 
400,  Training  Set 


1 +8aS8*  <  3888S3*8+8+++338*8 
1 388883 <  888888**  <  *  +  * . <  <3+8 
1 3*3*3++8888888*3+ .*****  <8 
1+3883388888888. 83*+ <  +3<3 
I  * . *88388888838*383< . <38<8 
1 <. <88838888X888 < *+<  **3*+ 
1<+  *3838888X888*+** < **333 
J*+  3*++3888H88888833<++< * 

I  *  <  .  *++*8888888883<  <  +  <+-i  ** 
13<  <3+*+8888S888883<  <+8+3+ 

1 8**338888*383*88883 .  +  *  <  3+ 
13. +.++*+8888*38883+  +*<<< 

1  * . < .+3*<  <888888883** *333 < 

I  *33++883. 3888888888333+3* 

1  <3*. .+3888888HH8388+*8888 
1  **+.  +  *  + *8* *88888883+* *33* 

NOISY 


FSR  =  0.6433 
StdD  =  0.3054 


j  .  . *8888858* . . •  • 

I  * .+S8888888+. . • 

I . . . 

I  .  .388t###«»3. . 

1  .  ,+888$#<t8S*- •  • 

i‘  . .888ltt»88S<  •  ••• 

i’**.  .*S888H’M883. 

1...  <888#tM®8S'*'  •••• 

1  .  .  .  *S8888M888  •  • 

1  * ! ' .  . <  388$XBHH8S+ . 

1  .... *888$XXH$88 ...» 

I*  , 3fl8$B#BH8S+ . • 

I  +888X8X1883 . . . 

,  '  '  .38888X888S<  • 

,  .<888X888«S3 

.  ..*888X88888 

I  «  « 

PROPAGATED 

FSR  =  0.1507 
StdD  =  0.3147 


+8888888  * 

<  88888888*^ 
388888888 < 
*8888X8883 
<888XXX88S* 
388XXXX888  ^ 
+S88XXXX883 
888XXXX888+ 
*S88XKXK888 
888XXXXX8S* 
+S88XXXX888 
388XXXX888* 
<888XXXX888 
*888X1X888+ 
8888XX8883 
<888888888 

NOISELESS 


1.  +888I88SS+ 

1  <888BXXI88. 

1.  8888XBXia+.  .  . 

1.  .*S8BHaH8aS<  .  < 

I  +SS'^*  '?tis*.  ..  < 

1  .SS"  •?T|88+  .  .  .< 

I .  *8^  ^8S*<  .  .  .  < 

1  .  3S(<liu<u88883< 

1.  .  <+8822288888+..  <...< 

1<.  381922X8883+. < .  .  < 

1  . .+8881X888883  ..< 

1  ..  ..  +S8IXXX8888*< 

I . <3882X88888* 

1..  .  <888X88X888+  .  . 

1  .  ...  . +388X2X8883  < . 
I  <  <  .  . *88XXXX883 . . 


1st  RECURSION 


*818925 

SS< 

+8882.' 

*33. 

• 

8888 

'38< 

•  • 

*S*^’ 

'*.88. 

,  < 

+;'■  ■ 

88+ 

< 

'33< 

.  .  < 

•7 

O' 

■’,8+. 

< 

.  8d 

/  8®  3+  •  • 

* 

.  <*g; 

'888S8<  < 

.  .  .  < 

1  < 

.&• 

. ‘28888* < . .  . 

.  < 

*  ■ 

:  -‘288888+ 

.  .  < 

' } 2X88888+ < 

• 

.'32X88888+ 

• 

< 

•  • 

388 

<  < 

1  < 

<  . 

<  *88BXXX88* . 

.  . 

2nd  RECURSION 


SET  13  -  ABSOLUTE 
400-pixel 


^  **S8S888S3***3+* . *+* 

I <  «S*3SS8888838*3<  <  <3 
I . <  *888888888  <  * . ++333 
1 333838888383<  < . <  *8*  * 

1  *  «  *888888888*  *  < . +83+ 
1 **886#888883**+**883 
1 3**88888883***3388** 

1 <+3*88888838838333*3 
1 *38881888838838*++++ 
1 *3888888888***3+*3* . 

1 *3888883888*3*+. +  <  <  + 
1 *++88888888383 <  <33*8 
1 +**81888883. 8* *3* < +8 
1***81888833  ***3<<++ 
138388*3*388+**** < . <+ 
138*8888888***883**3* 

1 **+888883*+*38**838+ 
1 . . .8888888*8++*++<  ** 
13+*888a83**33*3+*3+3 
18*88*3++*33<  *33++*<8 

I  WU<90<J<J4JCI<J<JU  ‘  <JI9<J  *  U4J  *  tS>  I 


I  8881lBt88 
I  88811Bt88 
1  S8811Kt88 

I  88811>t8S 

1  sstmtss 

1  S8#llSt88 
1  S8tllBt88 

1  88811K<88 

1  88811X^88 

1  88811X^88 

1  3888X8883 

1  388888883 

I  *8888888* 
1  +S88888S+ 

I  .8888888. 
1  3888883 

I  *88888* 

1  < 88888 < 

1  *888* 

1  <333< 


NOISE  r<  -  NOISELESS 

FSR  -  0.6060 
StdD  =  0.0766 


1  <++338888883** <+  . 

1 . <  <+*388888888** <**< 
1  .  <  *  *888888883+3*++ 

1 . . < 33388888838*3+* < 

1 <  <  *  *  *388888888*  *  *+  < . 
1 <+*3338888888833**. 

1 <  <*3*388818888*+*++. 
1+* *888881888883**+. . 
1 **333888188888 *33 <  <  < 
1 3* *888881888883*3 <  <  * 
l+*838888888888*+++<  < 

1  <  *388818888888*3*  < . . 

1  *3*88818188888*** . <  < 
13+38888188888*3*+< . . 

1  +3888881188883*++++ . 
1+3883818888883*  *  *++  < 

1 3888888811188*  *  <  + . + 

1  *  388888111888  *<<<  +  . 

1 33888888188883++ . *  <  < 

1 «  «  *33888188833+ . < . <  < 

PROPAGATED 

FSR  -  0.9937 


C-47 


SET  13  -  RELATIVE 
400-Node,  NON-TRAINING 


++<+  3< <+88+*83S< < *838**+ 
< .+3+3< . *Sa8S3+83+<  *  +  *S38 
<  *3*33* *a«««ma3S8* *3+38*8 
i  <3+.3*»333S8#*$*+333*+3«* 
I  *3++<+***3S»888383***+*+ 
I  .  <  **++*3S8S8SSS83»  +  *3++8* 
!a+**+*+*8838S8$Sa<+33<  .< 
I3< <*«*3*33S8888+< .*S3+*+. 
!<<*+<. *8888S8S8*S+ . »S»33* 
(  *<  < .++38aSS888838++33++.  . 

I  3+3S*  +  <  *33St»88SS3++++*+ . 
J3+33*+< *33SS3aSS88+<+3»  < 
13  .  <  +  < . *338a8H8Sa*+3**8< * 
18  < *3+++38383a83S++3*+833 
18  +83++<8883.8883. **8++++ 
1*<<33<<  +33*+8SS8**+8<  .. 


38888888 
38888888 
88888888< 
6881X888+ 
<888X1X88* 
<  88XXXX88  * 
+S8XXXX883 
+88XXXX883 
*88XXXX883 
*a8xxxx8a3 
+88XXXX883 
+S8XXXX883 
+S8XXXX883 
<888XXX88* 
.888XX88S* 
888XX88S+ 


NOISY 


NOISELESS 


ESR  =»  0.7536 
StdD  *  0.3109 


,  <  <  <  <3*33+*++ . 

.  <  <  <  83883*++ . 

. <  <+38888*++ - 

. < < *8S888S*+<  •• 

. <  *8888888+ < • • • 

, <  *8888888*  < • • • 
.+3S8888888< . . 

. <388888888+. 
.<3888X8888*.  .  • 

.388XXX88a3+. .  .  • 

.< *888X18883 . 

.  ..|■S88XX88a3.  . 

. .+S88XX8883< . 

, . <388XX888*< . .  • 

_ <8888XX883+. . 

. . . < 38888X88*+ < . . 


1 <  <  <+88888888*  +  *+ . 

1  . <  <888888888+*+. .  .  .  .  .  . 
1.  < *888888883+ < .  ..  . 

1 . .  .+3888888888++< .  .  <  .<. 

I  .  <  < 8688888883 <  <.«<•..< 
I.  . .3B88888888+< . . < .  .  . 
I <  < +S888XK88S8 < . < .  .  •  . 
1  ..<*8888X8888*.  < 

1<  . . < <*8888X88883< . . < <+. 
1<.  ..888X188886*++.  + 

1  ..<6888X88888* 

i  . +8888X88883+. 

!..<<<<. *888X188888+ .  . 

1..  <  .  . 36888888886 <  .  .. 
!<..<<.  . *38888886663 

1.. < _  <*388888*88*..  . 


1st  RECURSION 


PROPAGATED 

FSR  »  0.2870 
StdD  *  0.3109 


<68888888+. ... 

< 88888X888 < . . . 

* 888X1X883 < . . 
+88881X8883  . 

< 3888X1X888 <  . . 

.+888XXXX888. .  .  . 

+688XXXXX8S*.  .. 
*888XXXXX88< 

. .888XXXXX883.  .. 

+888XXXX888< . < . 
<3888XXXX883 
.  ..  +888XXXX888+. 

. . .  <388X188888* 

< 688X88X888 < 

. .  .  . +888X8X8883 

<*888X88883.. 


2nd  RECURSION 


C-48 


SET  14  -  ABSOLUTE 
400-pixel 


I8»ss38a8s«*  •aaass. . , 

1 88a888^®®6*  *  *883883+ , 
18888888883$*.+**3  ++1 
l$8Sa88SSS$S*. +•*+<++! 
J  388a88S38888« • *  ® 

I  +888Ha8SS333++383  8 

II  .  * #88888888888* ++<  <  + 

il+3*888S88888S3*  .  +  *3 

•l  +3*888888888838+*  *88 

Ij*  +888888888888333+3 
1 1  + « 3*388888838888*  *  + 

^ I SS8+*888868S88833*  * 

* 133+**3*88S8888*+83*3 
J 1 *++388*88888888+ <338 
1 j  ^  *3*++<  *s*88888++338 

1  I  3*33*+<3S838t8*8*+8 
i  I  .38**<8**8S8888*  +  <+8 

Hi3S3<3+S+. <+833++. < .+ 
^  '1883 . 38833838  <  3*+ .  3+ 
*il3++<+33*3+++  .*8*3  , 


NOISY 


FSR  “  0.5263 
StdD  =  0.0764 


ijastmtas* 

l|88tlBDl888. 

Il38imis#83 

1i+S8#KEEX#88< 

I]  3A$mSlt83 
U  <S8#SlIlt88+ 

1]  38»miB»83 

.88#X11H#88< 
l|  *8880X188* 
li  38a#0#888 
<1  <88$8tt#88+ 

ll  *S8tll#883 

1|  388888883 

I]  38888888  < 

it  .8888888+ 

it  <388886+ 

It  <  38883+ 

It  .  *333+ 

!t  +*+. 

1 


NOISELESS 


I  ++*888888888833* _ 

1  +  <  +338888888883  33 

t  *+*388S8888883383++< 

I *3+ *388888X888  ^ 

. 3S*8$$888X88888  <  ++++ 

** 


»* 


3888888X8888838+ 


++ 


13 


1  *  #3838888888888883  <  +> 


<i 

*33+*l 

1 38883888888388  «+  +<-^ 


PROPAGATED 


C-49 


SET  14  -  RELATIVE 
400-Node,  NON-TRAINING 


i+aaass  <+3*3ssasa888S38*8 
13883*+  S3**8SSS88S8**+3*8 
13*33+  *3*+S8888S3SS3**+S 

1+388* <++83*888888883  *3<3 

1  *<383+++*8888888$83++88<8 
1  < .+8S3<*888##t8888*.3*8** 

1  <  *  »3S+383888888888+*3833 

1  *  * . 3*  * . +S88H88888$83<  +*  +  * 
13<  <3*++8888888t883++< *+33 
13++8***88888888S8*  +  <  *8*3* 
18*38388883388388883<**+8* 

13<  *<  **8888883388+<  < .  +  *++< 

1 *<  +  <+88338888388+<  <*3338< 

1 333++8883St8888*+3*  *33*3* 

1 +33  <  +88B#$H#888*  <  33 . 38888 
13*+<88S8#888S8*+**< • **33* 

NOISE 


+88888883 
.88888888* 
388888888 < 
*8888X8883 
+S88XBX88S* 
888XXBX888 

*sa8nax383 

. 888X11X888 < 
388XXXXX883 
<888XXXX88S< 
388XXXXX883 
. 888XXXX888 . 
*888X1X888* 
888X1X8888 
+888X18888 < 
388888888* 

NOISELESS 


FSR  =  0.6461 
StdD  =  0.3146 


1<.  . <+< *888888883838< 

1 ,  <  <  <  <  888888888833+  • . 

1  .<<+8888X888888*. 

1  .  • <  <  *888X1X88883* 

1  .  .  . <388XXXKE8883*  ... 

1.  .  . < *8XXXXXX883*<  .  .  .< 

1<  . . *8aXXXXX88** . .  . 

1  ...  . 38XXXXXX88* . . 

1 .  <  .888 XXXXX8 83. . < . . 

1  .  .  .  8XMMXX888  *  <  .  •  <  .  . 

1  . . <  8888X1X888*  < . . 

1  .  .  . +888XXXX88 *+ < . 

1 . *  *88888X888+ <* 

1.  ..  **8888X888*+<*<  ..  . 

1<  . . < **88888883< < . < * 

1 . . . . +888S8S888+  <.<*+.. 

PROPAGATED 

FSR  *  0.3341 
StdD  =  0.3146 


l+<  .<+<*888888888838+ 

1  <<.<8888X888883*+ 

1  . < <3888XXXX8S88*. 

I .  .  .  <  <  *888XKXX88883  . 
1  .  . .688XXXXX88S3*  < 

1.  .  .<38XXXXXX888*< . 

1<  .  < 38XXXXX8X833 .  . 

1  .  .  .88XXXXXX883. . 

1.  <  .8X8XXXXX888  .+. 

1  <  8XXXXXXX883  <  < . 

1  <  8X8XXXXX883  < 

1  ...  +6X8X8X188**+ 

1  ...< .**8888X1888++*.  . 
1.  ..  *+8888X888+< <3< 

1  < . . <+**S8S888S6<  < .+3 
1  .  .  .+8838S8S88< <  <*+.. 

1st  RECURSION 


+  <  <  +  <  *88888888SS88+ 

<  < . <8888X888883*+ 
.<.3888XXXX8888*. 

. . 

. .888XXXXX8888* 

.  .  .  .38XXXXa88S*< . 

<  <38XXXXX8X833. 

.  .  .38XXXXa888. . 

<  .8X8XXXXX88S  .+ 

8XXXXXXX883 < < . 
<8X8XXXXX888 
...  +8X8X8X188**+ 

_ < .**8888X1888++*. 

.  *+S888XX88+< <8< 
l<  . .+*3S88S88S3< . .+3 
I  . . .+SS3SS8883. <  <**. 


2nd  RECURSION 


C-50 


SET  15  -  ABSOLUTE 
400-plxel 


TRAINING  SET 


t  *« ««  +  <.  +  <.. +  *3+* 

1  +* 

I..,<.,+.+3S*S<*+**3 

1*3<*  <z***SS+*<  ^ 

1++  3+*3*+38883+.<3  < 

1 +++838 *88888883 *+38 
13+  <+**38838888333++ 

ut;  tsSS»«3MSS3S*+* 

1*38++8888$8#888*<<<< 
1+33<8888888883*<**+ 
l+*+*88838888S3<  < • • < 

I  *<.88888888883. .**+8 
I <  *+S*888a88+8++3+ . <  8 . 

I +*381888838. *++*•• «"■ 
i *8888*3*388*++++; 

,38888888888**83**+*+ 

J  388888888*  *  +  *8*+833< 
1<+*8888888*8+<+<<.++ 

1»S8888**3**.+3*<^+-3' 


NOISE 


ll 

ii 

*1 

h 

1, 

/, 

!] 

!J 

ij 


+  *+. 
. *333+ 
<  38883+ 
<388888+ 
. 8888888+ 
38888888 < 
388888883 
*86##M883 
<88$$$$$8s+ 
3888888888 
*888888888* 
.8888888888 < 
38888888883 
S8888B888S+ 

1  38888888883 
I +8888888888 < 
;j8a88BaM883 
48888888888. 
1888888888* 

1 888888883 


NOISELESS 


"i 

J 

! 


ESR  *  0.4851 
StdD  =  0.0772 


l<  +**338888388*3++  « 

I  . <+*388SS8888*3++<+ 
I . . +3*888888888*3*+ < . 
1  <++**888888888*3** < 

1  ++  *  3 * 3888888888  *  * •+ . 

1  *  ++3388888888  * 3 *  *  < . 
i  +  <+* *388888888333*  <  < 
l++*333888888883*** . < 
1+***»888888888*3*+<  < 
I  *3*38888888888*3** . < 
1  *  *  *338888888883*+*  <  < 
I  * *338888888888333 <  < . 

I  ** *88888888888* *+« «  + 
I  **3888888888883++ <  < . 
I  *  *838888888883*  *+++  < 
I  *3388888888883++*++ . 
I  +3388888818883*  <  <  ++ 

I «  *88888888868*  <  +  <<.. 

*  *3388888888883*+++ <  + 
*+33888888888*+. <  <  +  « 

PROPAGATED 


FSR  -  1.0266 
051 


SET  15  -  RELATIVE 
.  400-Node,  NON-TRAINING 


$S+83a88IH888*8*»3++883*+ 
h++883**$83S33S***  +338*+ 
3S333*  <  388883*3833*3+  < 88+ 
38*****88888883838333. <3* 
388388888888888883**83388 
8838888888888888888888338 
83*3**88888$8883*+3+83*<  < 
++**+.8888t888$3*  <3*8**+< 

. <3*3+888888X8888+83* . *+« 

<  *3+3888888888888888+ . *3* 
+S8+»3*S88Xa8888383<  <  **83 
:+3*+* *38888881X888+  .*<<+ 

1  *883*3**8888888888*  <  *8833 
I  *888+3*  <  <  38888888*  <  ++3883 
i  *«88** . . *88888888+3888888 
1 8*+83*++8888888883883883* 

NOISY 

FSR  =0.6494 

StdD  =  0.3058 


I  .  • <  *+3  *++  <  .<  +  <<  +  << 

I  •••<  +  ****+<<. . .+++<  <  < .  . 

'  •  •  •  •  "^ * 33 *+  <*+<<<  +  <<<< 

.  .  .++*3*  +  *33*.  <  +  <  <  <  i." 

•  .  • < +38 *  * 3888+ < ++ <  <  . . . , 

•  • . >333*888888++. 

•  <+3388888888++.  . , , , , 
< 33888X8888+ <  < .  < 
.<<..< *8888888888 < 

..  . . < *8a88X88888< . 

..  .  < *88888X8888+ < <  . 

..  .  < <+8888XX8888+<  .  .  . 

. *38888X8888*+..  . 

< 3+38888X8883+ <  ..  . 
< .  .  .  <  +  *33888888883+< 

.  <  <  +  < • 3388888888++ ..... 

PROPAGATED 

FSR  -  0.4527 
StdD  -  0.3138 


1 


*8888888 < 

+88888888 

888#tt883 

388t#*t88* 

+S8lKX#88S< 

888XIKt#88 

*88tXXX$8S* 

. 88#XXlXf 88 . 
38#KXXXX#83 
<86#XXXK88S< 
38fXXXXXt83 
.88tXXXX$8S< 
«S8#XKKX883 
88#XXXXt88 
+S88XXXf88* 
*888#X$883 

NOISELESS 


.  +  .  < 

I  .  < 


<  888888883+  <  < 
<388888888* <  < 


.  .  < 
.  .  < 
< .  <  < 
<  .  . 


+  . 

< . 
« .  < 
.  . 

< .  < 
< .  < 


< 3388X88883++ < 
++88888888S*< . 

< .88888888S8<+ 

< 388X88X883* < 
..+881X88888**.  .< 

. <  +88X88X8888*  <..  +  << 
. +8XXXX88883 *  +  <  <  + 
..<+8888X88888*  +< 

. . <  <  888X8X88838+ . 

<  <  <  <  3888X188888+ . 

<  . <  <  3888X888388+  . < 
<...<3888X88888**  .. 
< . • . .  + *8888X8388+ <  . 

1st  RECURSION 


< 

< 

< 

.  + 


•  • 

+ 
<  . 
< 

.  < 
<  < 


+S888888S+. . . 
<88888X888. . 
38888X188* < 
*8888X1888+ 
<8888X1X883. 
.*888X1X888*. 
+888XXX8888+. 
3888XXX8883. 
.+88X1X0888+  .  . 

*888808883 _ 

+888X0888S+ 

.  ..  *888088886  <. 

. . .  <888  0  88888+ 
+888X88X888 < 
.3888X8X888* 
<38880888*. 


2nd  RECURSION 


C-52 


SET  16  -  ABSOLUTE 
400-pixel 


l*3»*+»a88S3  »888SS..r 
J •3*SSa8SS3*»»8S3883* , 

1 888883888*3* .  +  *38*++ , , 
i 8+*88388883* .+**+<+* , 

18*88888*88*** ***+**8 5. 

i  <  388Ha888++3++38338  « , 
1  <*888888888+38*++ <  <+  .*, 
1+3888888888+3**  .+*3  ! 
l+3888888888***8+**8a  • 
1*  388888888*388833+3  . 
l+<888888888< +388*3+  . 

188888888888*3+383*+  ! 
1338a8888888*83<+83*3  ! 

1 *+888888888338* <+338  • 

1 <  *88888883838*3<+33S  • 

1  3888888888+888+8*+8  I 
1 . 3888888888* *3*  +  *<  *8  I 
1 388388BS333S+ *  <<.<<*• 

1 888388888888 . *++ . 3+* , 
13+838888883+  .38*3 


1 

*888* 

< 8SSS8 ^ 

*88888* 

3888883 

.8888888. 

+8888888+ 

*8888888* 

388888883 

388818883 

888m[888 

888111888 

888111888 

1  1 

888111888 

1  1 

888111888 

i  1 

888111888 

\  I 

888111888 

i  1 

888111888 

1 

888111888 

888111888 

88801888 

_ » 

NOISE 


NOISELESS 


FSR  =  0.5497 
StdD  »  0.0778 


1  .  < *38888888883*< < < < 

1 <  *+3*8888888883*  <  +++ 
i ^  <  <3*888888888*3++* . 

1  +  <  +388888188833 *  * + < 

I <+*33S88888888*+3++. 

1 +3*3338888888833+* . 

1  ***388888188888-*-+*  <  + 

1 +38888818818888  <  *  *  <  < 

1  * *8888881888883883 <  + 
1 3*  *88888888888838  < . + 
1 *38888881888888*  *  <  <  * 
1  +383881888888S*3*  *  <  -*; 
1 *888888888888833*+<  4 
1  *  <38888888888* *3++<  ^ 
1 *3383888888888338*+ 5 
1 +88888888888883* *+<  4 
I*SS8SS818888S3*+-*"^-^  1 
1 38888888888883+  * + * + < 
I *88888888888333. .+< . 
I *3*33SS88S8838< . « <  <  < 


propagated 

FSR  -  0.5120 


C-53 


SET  16  -  RELATIVE 
AOO-Node,  TRAINING  SET 


I •**3*+*++3888S«»<  »* . < •*«+ 
J*3*3*+<++*SS8Sl#38+.  +3S3 
{<«* *3* *838*88818 <++3+++*+ 
1.  .  +38»*S888S**3**8+<+. . 
i  •>-«-838388888888*3S3*+< 
l333**<**8888883333*+**8*< 
1 *+«38<  «3SSS8*88t8888<  <88+ 
1««+<3<*8838888*88888< .+3. 

I  +3+ « ++*88888888X8**33  <  +++ 
I  *8++38*883888888< . *3++3<  + 
< 83+ <  + *+888888*88 <  <  <333**3 
l88*+**3888888833***8<  < . 

18<  <++<+83833a88****8*+*83 
I3»*<<,  883S8S*83<+*88++< * 
!«*<<+.  *88888883*. <83+**+ 
I  <++++. 88883881838 *+8333** 


*8888883 
38888888 
88888888 . 
888*1888+ 
.8881X888* 
<Sa8XZX88* 
+881XKB883 
+S81IX1883 
+8811X1883 
*88*X*X883 
«88**B*883 
+881111883 
+S81111883 
<S8*X**88* 
<888*1*88* 
888*1888+ 


NOISY 


NOISELESS 


ESR  =  0.7044 
StdD  *  0.03037 


.......  38888888 . . . . . 

......  88888888 . . . . . 

.... < 88888888 < . . . . 

. S888888S+ - 

.  .. .+8888*888*. . . 

. . . *88*88886*. . . 

. .*888118883.  . 

..  ..*88811*883. 

.  ..*888811883. 

.  .*881111883.. 

. .*88811X883 
...*888181883..  . 
. .*888818883. . 
..+88818888*. 

.  ...+88888888*... 
....  88888888+ . . 


PROPAGATED 

FSR  -  0.1685 
StdD'  »  0.3099 


I 


<  [jfi  '  •  '  '  ^8888 .  <  <  .  .  . 

.  * ‘ ^  >88S6«  < . 

,  <  ■  t'  78883  < » < .  . 

<  -■  7^888+<  <  < » . .  . 

'3883*  <  .<...< 

‘♦83*< . 

388*  <  + .  • • • 

•  41888 . .  . 

,  <  <  ^'11888+  .  <  <  < 
'i188883<  +  .  < 
7188883  < .  . 

^38883**.  < 

7188838*.  . 

.  .  -t  1888338+  .  . 

< < . .+3 • S3»888**33 
. . < < .+3»S8888<*3*. .  .. 


1st  RECURSION 


I  ♦  •+++<  . 

♦  •  •  • 

j  f  3++  <  . 

I  '’33+<  .  • 

j  18<  < . 

!  ''88 ...  •  • 

■'8+.  •  • 
1  88  < 

i  -38** 

J  ^  '1188.  . . • 

J  ^  71188+ . < . 

I  711888 

I  711888+ . 

J  ’  . . .  .  '.laaaas 

}  7888888 < 

(’  .  ‘II888S88 

1  . <  *  S8I888888 


2nd  RECURSION 


SET  17  -  ABSOLUTE 
400-plxel 


!,<  .++***83**883*** 
i . < .•+3388838$*+* <++< 
+»*888838383+**+< 
ll  <  <  <  »3*33$8$83S**+*  < 
<+83*3888#$$$83*++<  • 

I <  <+338*88$$$88+***. 

^  ^  *  *88888888*33*+ . 

i3*+33*$88888#33***. • 
I+*33*8888888S8++3< . . 

{ *  * •388888S88$8 •••<<  + 
1 3++* •a8S8a88S8*+++<  + 
1 <+38saaaa8$S8$3** . < 
J+«+88*aaB88S88++*. •+ 
1 3+88888*8888833+*  <  <  < 

I  *+3888888*883*+* <  <  +  < 

I  • *38388888883*  <  *+*+< 
I *33S8888888SS+*+< «+ 
1++8S8S88*888S+.+  <• 

I •*3S8$8***8883+<  <  *++ 
|+< *3388888$83*3.+  +< 

NOISE 


ESR  =  0.5484 
StdD  *  0.0783 


+ 

3*. 

$83  < 

8883 < 

888S8. 

8888S3 
8888883 
8888888* 
88888886 < 
8881*8883 
8881*888 » 
88811888 . 
388181883 
+88811888  < 
388*11883 
<88811888+ 
38811883 
.  88811868  < 
*8881888* 
388818886 


NOISELESS 


3**  <  +  <.*+•  <++**■*■  ***  i 
+33  .<+3<<*838+*« ^<3 
+*++«<++.«+3<+.<+  3 

S8*8.«3*+«*3..  ••*•2/ 
88*8833+« «33++.  <3  * 
888888*  *3333*++++383 
«fl3aS$*<**<++*3383++ 

S|3+38S838<383833*+3 

S8*8888S38<8S*8*+<;< 

i888888**$3+*++*<’’ 

1 8888888*88*+* •< 

I 88*8888888888* . .  8 
1*838*888833  3+*3+.«8 
1388188838  +++*<.<< 

1  *8888  *8  *3883++++ ♦ 
I*83S*888**88388»*+*+ 
I ++  *88888833888*  +833+ 
I  .88888#8$83++«+.+* 
,  •^.+88888888883*++*+* 
1 8 * 8833*3888388* « ^  +^ 8 


PROPAGATED 
PSR  -  0.7789 


C-55 


SET  17  -  RELATIVE 
400-Node,  TRAINING  SET 


) 3S+3+38+8S*3868SS888883*+ 
I+++S+< . .S3+388$$SS+3S38*+ 
13833+.  .++3838888888* <88+ 
188** <  < .  +  *388888888883. <3* 
1 3883*  *  *  *3*888X##888883388 
1 88388+++*33888K8X$8888338 
183*3* <+*888888X8888+8** <  < 
1++**+  ++888888X8838*8* *+< 

1  . <3+3+ *38888X8888383* . *+* 

I <  *3+3888888888888888+ . *3* 
l+88+*38888X888883*3<  <  **83 
1+3*+* *8888888X8833+  .*<.+ 
1 *883*8888888888S*+<  <  *8833 
1  *888+88338888833+  ++3883 

1**3838**8X88888*+  <388888 
1 8*+888888X88883*+ .  +  *  *883* 

NOISE 

FSR  *  0.5164 

StdD  =  0.3057 


1  ....  ....<  38888883 

1.. ..  ...<  38888888* . 

1 . 388888888+ 

1  ....  .  .  .+888888888. . 

1 . <888888888*  .. 

1 . 3888888888+ 

1  ... .+88888X8883  .... 

1 . 888XX8888S+  .  . 

1 . *888XXX8888. 

1  . . <  888X8XX888+ 

1.  .«888XX88888 . 

1  . <  8888XX888S+ 

1.. .  *888888X883..  .. 

1 .  . 8888XX8888  < . .  . .  . 

1 .. . .+8888X8888*. .  .  . 

1.  .  3888888883 _ 

PROPAGATED 

FSR  -  0.1563 
StdD  »  0.3139 


38888883 

38888888* 

*88888888+ 

<888888888 

8888XX8883 

*888XXX888+ 

<  888XXXX888 
388XXfl888* 
+888XXXX888 
888XXXXX88* 

*  888XXXX888 
888XXXX888+ 
+888XXXX883 
388X88X888 < 
<888X8X888* 
*8888X8883 

noiseless 


•  '  •  .3888888* 

;  »  >888883+  . . 

•  "XH88S83.  . 

58X8888 . . < 
"18X8883.  < .  < 
58888+..  . 

,  18883.  ... 

;  • •  8888 < . . 

"8888.. +.< 

;•  ^888*<<.  «. 

!  *  ■  5888+  <  <  . 

••  •  588++< 

3.  .S3<<+.  .  , 

:  ■■  'as.,...  ..  . 

£8*..  «3 

^  '  i-S*..  .. 

1st  RECURSION 


I 

I  .  .  . 
1 
I 


*>88888* 
*888883+ 
"88888* . 
’^888888 
5X8883  < 
'>883+. 
8883.  . 

8188.. 
‘8888  . 
'8883  <  < 
-8883 
’*  >8+*+ 
»88<+«. 

■58 <  <  <8 

33... +3 


+  .  < 

.  < , 
<  < . 


C-56 


2nd  RECURSION 


SET  18  -  ABSOLUTE 
400-pix®l 


XRAINIHG  SET 


,r*B •  •  < aa *3S3  iflsy." i 

,J  *33833833* •••SS3883*i 
ji  «88S3+*8++3* .  +*38*++| 
jl  8+*83<++**3*.+3*+<  +  »j 
, 1 8*3883+.  S8+*3***+«3Si 
jl  «*33»3+**<+3++8883Si 
||  <  *8S38+8333+3£833*++i 
|l  +3*888+338S+88S++388| 
ll  *33SeS+«  *8S38S88S8S8| 
|l  *  +83S*++8SS88#88S33i 
|i  +  <  333338* 3S3888#8fi*  { 
|18S8**3*S83SS8S8888+  j 
|J  83*  *  *8+3SS88H88S#S*3i 
1 *+*388*8S8Badt833838| 
1 +*3*+++6888888838388| 
1  333d*3388K8n888*+8i 
1 . 383*  <8888888888*  <  *8i 
1 888  <  3888388KS83*  <  <  <  *| 
1 888 . 8888##88388* .  3+*] 
13+ *<38888888+ *8833  i 


!* 

I  • 


+  *+.  1 
. *333+  1 
<38883+  I 
<388888+  1 
.8888886+  i 
38888888 <  t 
388888883  i 
*888888883  i 
<888888888+  t 
3888118888  l 
*888111888*  i 

.8881111^&S*  I 
38811111^*^  1 

<  8881111888+  1 
38811111883  1 


NOISY 


noiseless 


FSR  “  0.6911 
StdD  =  0.0697 


<  <  <  *8888888838*33 <  + 

.+  3888888888883*+*+ 
*.3<88888S888S3**3*. 

*  *+3*888888888833  <  +  < 
*8++388888818338*3+< 

. ++338S888188SS88+  <  + 
*83*88888888888333<  < 
388338881818888333+* 
*6888888888818833*++ 
+38888888188888833+* 
i  833*8888188188888+*  < 

1 68888888818888833+*  * 
338838888888888833*  * 
+8*838188888888883++ 
38*888888888888*3++* 
3888888888888888** . « 
3<88S888888888*8*3<  < 
<838888888883838+* . < 
* +8888888888883 <  *++< 
38S83S888S88S8  *  *3+ « + 


PROPAGATED 

FSR  •  1.1216 


C-57 


SET  18  -  RELATIVE 
400-Node,  TRAINING  SET 


I  <++++*3Q<  ** . <  *33+*8* . *++< 

I  .  .•*<*®«88+.  +3S33833333* 
J+3S8*38* .++3++**+*+*S3334 
1  <*383*. <»*»8*<  +  < . <*88*8+4 
133**88. +83*+<+8**88* .+8*2 
l+33333+*+3*+**8*< •+<  <  **32 
l3+*888*8ia8$++8S+*++3+*3* 
1  *  <  3883+88*88 <  <  *3 <  <  <  <  83+*+ 
1  *+*4.<3»a8S8S8++++<3*S8<++ 
l8<+*<888*3S83+3+*+***8*3* 
1 8*  *  *8838+38888**33*  <  +  •**< 
l33++8**3888833< ***+  **3*+ 
!++< .3*S*388*S888888+*+3Sa 
]*<+»+  83*88*888* *8S3< *388 
I  «  s  *  *4- *83838*8888* +3+ .  8888 
1 3+  <  +  *  8+3888*88888  *  *  *  <  *  888 


<  +  < 

*33* « 

*8883+ 
388888* 
3888888+ 
*8888888+ 
+88888888 . 
.688888883 
3888**888* 
*888***888+ 
888****888 


NOISE 


NOISLESS 


FSR  »  0.7808 
StdD  *  0.2578 


.  . . . <  ++ ............  .  . 

.  .  .*333< . 

. . . .  38888* . 

. 3SS8S8* . 

. . 38888883 ....  .... 
38888888* ...  ... 

. .*88a8a888< . 

. . .  <88888*888. ... 
.88888*8883. ... 

.  .  . *88****888* . 

... 68****8888 . . 


.«+...  . *+3883* <.<.<..< < 

.  <+++*8** 

. <  . < . .  . . **+33*  <  <  <  < .  < 

+  .<*..  <  +++  *  *  33  <  +  .<..<  < 

<<  <<.  .<  <+4-++3*  <<<<  +  <.  . 

.  <  < . .  +  . .  +  <+3+3+<  < . . < 

...  <<+**++<*++<*.< . 

<  . . . *3388*++++< < < < . <  .< 

.  ... **88883+* <<...<.<<.  . 
. <  < 83868833+ <  <.  <..  <.< 

< < .388888883< . <  . 

...< *88888863+ < .  ...  < 

.  <  <  <  <^*88888888< .  +. <  . < 
.<<<.<  *8*888888* . 

....<<  *68**B8888<  < .  < .  . 

.'<  <388*88888+  .  . .  .  < . 

1st  PROPAGATION 


PROPAGATED 

1 <<+... . 
1. . 

< *+3®SS8+++<+.  . 
<  +^33588  <  ++  <  <  * • • 

FSR  »  0.3569 

1  %  ^  •  •  •  • 

<< *83888*++ < . 

StdD  »  0.2235 

1+ . <+ . . 

•  <  *^338685*  *  <  +  .  •  <  • 

1  <  <  < .  . 

<  <  *333388*+ <  <  <  <  <  . 

.  <<. ,+.+3*88383++. . <  .. 

< <+*3*8383333< <...<. . 
<  . . .  +  *38888888*++< . <  .< 

,  .  .++8888S883*< <.<.<<.  . 

.  <  .3*88888833*< . < < .  <<. 

<  < . 4'86888888*+ <  ..... 

_ *388888883+ . 

.<<  <<-4*8888*888+ <  <  <  .. 

, « <  < ,+38*888888+. .  <..<<. 
. , . , ++3S8***888S <  . ,  < . . 
,<,.<<  +38**88888  <  . . . <  < 


C-58 


2nd  PROPAGATION 


SET  19  -  ABSOLUTE 
400-pixel 


TRAINING  SET 


*»«<+< .•+. .++*<+  «<* 
I.+*  . <+3. < *838+* . . <3 
J  <.<<<<+. <+3<+  <+**3 
l•3<3  <33*+83..  .+3*+ 
1++  3**3*+«S8++.  <3*<  ! 
I+++888»8SS8S*++++383 
I3+. <*3+3SS33**3388++ 
l<-i-<  <8SS883S83833*-i-3 
1  *3S+<8888838t«8*+< < < 
l+33<«SS8888S8+*<*«* 
l  +  *++*83*8S88S3<  <  .  .+ 
1*<  *3$$8SS#8H8. .•**8; 

1  <  *  .  38S3S8SS->-83*3+ .  <  8 
1  **<88838S88<83+«< . <  < 
I*8»S»<3»38#883++.  .+ 

1  *3-t-**S8SS88SS88**-i-3+ 

I  ++  <  8888SS88&8H*+S33+ 

1  38888l88883+< < .+« 

1  •++8*888888888*++*  +  * 

1 8*88 <  3*38883883 <  <  +  < 8 

NOISE 


+*+ 

<333< 

*888* 

<  88888  ^ 
*88888* 
3888883 
• 8888888 • 
+8888888+ 
*8888888* 
388888883 
388818883 
888111888 
888111888 
888111888 
S8811188S 
888111888 
888111888 

NOISELESS 


FSR  =  0.6241 
StdD  =  0.0699 


1<  <++333883888***+. 

1  . . ++38888SS83*3+ < + < 
1 .  ++38888S8883*  *  *  <  < 

1  <++**3888888883**+. 

I  ++  *  *  38888888883  *  * • <  . 


I  .+++*888888888*33+< . 
I  <  <  +  **888888888+33++. 
1  *  *  *3338888888838*  *  .  < 
l+3**3888888888+*3<  < . 
1  +*3388888888883*  *+ . < 
1  *3*38888888888***+++ 
1  +*3888888888883*  *  <  + . 
I  *3*88888881888*** . <  < 
1  **3888188888833* *++< 
I  * *388881888883*+ <  ++ . 
1  *3383818881883*  *  <  *  < . 
I  *+88888811888* *+<  +  < . 
1**88888811888*++.  < . 

I  *  *38388118888*++  <  + . + 


*33888888883*  <  < 


<  < 


propagated 


FSR  -  1.3567 


C-59 


UNCLASSIFIED 


DEVELOPim  A  MEUKAL  NETHMK  TO  ACT  AS  A  Wllbt  ULItH - ^  "’ETT 

<U>  ARNY  ARHAHENT  HUHITIOMS  AND  CNENICAL  CONNAND  ROCK 
ISLAND  IL  R  RIUERO  2  OCT  02  ANCC0N>SA-R>S210  KA-ANCCON 

HL 


SET  19  -  RELATIVE 
400-Node,  TRAINING  SET 


IS+*3+3++*<  <33*+<  <++3**3** 
I3<***8+++  < **g+++*++«*+< . 
1 <»8++*3****^ .33<+8*3**33+ 

|*33+»*3*3**3, ««+*3+S8+<*+ 

l+**+8333*++$88«8+<  8S<<8* 
I < . •*38368888«888+3»*3. <S* 
I**33*8<*+**S83*  +  <33+<  <+8+ 
I •3**+8<+<33S88*+*****3*8+ 
1 3+  <  S  *  3  <  +  <  888*833883+88+83 
I3+<  *+33<  *883*88333* **8+*< 

1 38*+33+<  +8*388883*+++3+3+ 

1  *+++88++** <  *8**38* <  <++<*< 

I  *++****+<  »*8#88883<  »3<  <  <  + 
l<++3+<+<  <3888883****.+** 
18*3*+** <  *8888183 < **++383 
18+3+**  +  <  <388a#88833++8*3< 

NOISE 

FSR  =  0.8003 
StdD  =  0.2578 


••♦<<<..«.  ...  . 

..<<.<<.... 

.<<<<<< . 

.<<.<**.. 

- *83*..  . 

<  <  <+3888< . 

<  <  <  *  88883 . 
<<<888888<  . 
<<*888888*. 

<  <  3888888* . 

<  <88888883< • . 

<  <  88118888 .... 

< <88118888. <. 

< +88111188 <  < . 

< *88111188+. <  .. 
<388111118*. <  . 

PROPAGATED 

FSR  =  0.3337 
StdD  -  0.2308 


<  < 

+33+ 
<3883< 
*8888* 
388883 
< 888888 < 
*888888* 
38888883 
88888888 
88811888 
<  88811888  < 
+88111188+ 
*8801188* 

NOISELESS 


I <  <  **3833**+< . 

I  <**83338*++ . 

1 . .  +3388333* ..  .  ..  .<  < 

I  <.  .3338883**+ .  +<< 

1  < .+*8383333*+<  .  <+.<< 

1.  .+3883*3383+ . «  .. 

I.  .  **88838883*+ . < 

1.  ..*888888888+..  .+  << 
1 <  . . . 3688SS88883 < ....<+<< 
I<<  .+*888888888*+< < .  <.< 

1  . . <  <33888888883. ...<.<. 

I  .<.<+< *38888888* << .  ..  . 
1  ..<  +  <  +  <  **8808888*  .  .  <  .. 
1 .  < .+  .'<  .8888888838.  <..  +  .. 

1 . .  <  ++ ... +888818888 <<..... 
!<.<.....<  888881888* .<<.<. 

1st  RECURSION 


*88888883 < . 

.+888888883.  .  . 

388888888 < .  .  <  < 

3888888883 .  .  .  < 

*888888888* .  - 
. 3888888883  <  .  .  .  . 

*888888888+.  .  < 

.  8888888883+.  .  . 

.  .88888888883.  ....<.. 
.  .  . 8888 8 88888 * < ... 

. .38888888883.  ... 

. < . 3888888888*  < . 
...<«..  *888  0  88888 . 

. .  .  .  3888888888+ <  ... 

.  ...  < 888818188* <  << 

...  . +88880888  <  .  . 

2nd  RECURSION 


C-60 


SET  20  -  ABSOLUTE 
400  -  PIXEL 


TRAINING  SET 


138a858S3S”*S*f|S83^ 

Ifl33883+.S8**3*3*+*®® * 

1^  *88388+*  *  ^  +3++3S33S \ 
+88888+8333+383++ <<+ 
1388888*3888*33*  .+38 

l8?888$88*88338S883*3i 

1*3888888833 <+388  3+ 

18888888883**8+386  + 
188888888888388 <+83  3 

1*38888888818883 <+338 
1 +*88888888888*3 <  888 

1,  3Im88$»»»8S3**S'*| 

U .8SS88B8888888  +  «  ® 

i;8l8*88E888SH88<<<<<; 

!18S8+88»8**883S  +.3 

ll  8+  *  <  88888888*  *8833 


NOISY 


I  .+*+ 

1+333*. 

1 +38883 « 

1 +888883 < 
1+8888888. 

1 <88888883 
1  368888883 
1  388888888* 

1  +£88888888< 

1  8888BE8883 

.  «688XS>88S* 

1  388M»E*883 

j  +S88M1*88S< 

•  368H***883 


noiseless 


FSR  »  0.6874 
StdD  =  0.0697 


'l - ; +338888855000"^  •  3 

1  ;.3*888888888**<++«  5 

1  ;«3888888888**++*  3 

i;«+*33888888883**+<  3 

1 <  *333S888*®®®83+  +< •  5 
1 < *+*388888888833  5 

1 ++* *888888888833  +.  3 

1333838811888*88+3..  3 
I +*8888888188863 ^3+.«  3 

I 

18' 

I3.38S#8<3>388888  5 

.  .  ..«aiBB*«AAaa83**++<  *  « 


1  *  *885»®»»»®*"’‘'I 

I  *  *333888888833  . + 


PROPAGATED 


FSR  -  0.3840 


C-61 


SET  20  -  RELATIVE 

400  -  NODE,  TRAINING  SET 


1 3$8 . +88S+  < ,  I® , +3833*  *  < 

1 383 «  +*®®*SIs+3*3S833*3*  * 

l883+8®®5f^^*ft  +**»»3*++^® 

188+ *3®®®®*^  ® i««8f8*+*3S® 
1  * « 388  < < 3!5 


1>®’ •  ^*5f.:rsMirsi58i®868 

1 .3+3. ®-l5a*5B8883®S*®® 

I  *+33++  <  ■*‘l!5ij888S3*8Sa8®® 

ls;;WSUSS”“*‘“- 


<+< 
<•33* 
+38S8* 
*68®®S3 
+6®®8®83 
+8®888®S* 
.8®®®®#®®+ 
3®8#®®®8a . 
*®®®E1®®83 
+S8®1EE#8S* 
88®lXllt88 

NOISELESS 


ESR.  *  1 .0282 
StdD»  0.2235 


< . « ,  +  «++ .+++^  *  •  ^  • 

. < . ,++<+++<  <<<••• 

. <  <  ++++++  <  »  * . 

^ . , <  <  <  *+3+++  < . . • 

^ . <  <  <  *  *883  <  < . . . 
.<+<<• 8383++ . . . * 
. <+**+38833++ < .  • 
!< +33388888*+ < •  • 

+** 8888888+ < 
.+*8®®®«38*3< . 
.+•888*8888* 

.  ,  +  *8®**®®33+. . 
.<*38S8**8®*** • 

. .+*S8***»®8+« • • 

‘  ..++88®■*®®S•^• 
..<<+8®®®®®®®**  • 


PROPAGATED 
PSR  ■  1.0758 


StdD*  0.2235 


i  +  <  ++*3*  *8888836* . . . 

I  .< <**3*8888883* . . 

1..  <+*83888888*+.  .<. .  •  " 

I  < .  .***3S8888®833+< < <  .<•< 
|.<  +<*+S888®®88*+«.<<<-< 
1.  < <+*S®8®®8®83+< «  . . .  .< 

l<  ++8888888883+. < . 

1.  . .+388a88a8«3*< . . « 

I <  . < •38**8*8®83+« ..<<+. 

l<.  . +*88*888888* «+« .  +• 

I  . . .+3®*8**8®S8*. 

1  _ <+®*8*8®®®8+«< . 

)  <  <  <  +  <++8888**®®®'^'^*  * 

1.. .<  <+*888*8888++<< . .< • 

!<,<<<,<  *88888888*"^*  < . . .  . 
I.« << 38888888 «+*.< •  < 

1st  PROPAGATION 


. . t  +36638888633+  .... 

. .< 3888888883*+ . 

<*88888X888*+.  .. 

.  . +*3888*1*88* *<...  .. 

.  < <3888XXX888+< . 

. .*3881X8888* < .  .  . 

<  < *S88**XX888+  ..  .. 

< 388SXK8886+ . 


t  >  >> 


.+888*X*8883<<< .  < 

. .+8X8XXX8888+ 

. 888XX88883* < . 

. 3888Xa8883< . 

.  .  . . <  8888*88833*  < 

.  ..<.  <*88888883**+ 
. +3S888883*3< . .  . 

2nd  PROPAGATION 


C-4.3.  SOO-plxel  Images 


3S8S8+ 

*88888+ 

-1-888888. 

8888888 
38888883 
+888E888+ 
888l[H888 
*88E1[H883 
S8EMBMSS . 
*88XE][883 
88EEEE88  < 

*88inn[888 
88810288 < 
<881I1[1I883 
38810888 
8888888* 
<8888883 
+888888 
*  88888+ 
*8888* 


CLEAN 


I  . <*3888888*+<+<  .  .. 

I  <*3888888S*+<< 

I  • +388888883+ < <  . 

I  • •  <  338888888*  <  < .  ,  , 

I  « *388888888* < . 

+388888888*+ . 

<3888818888*... 
+*888H88888< . . 
+3888881888+ . 
+8888111883  < .  .... 

< 3888810888 < 
*888818888*  < 

. <8888888883< . 

•  •  •  • *888888888< . 

. <3S8888888*< 

.  •  .  . <  *88888888*  < 

..  ++*88888883+. 

.  « <+388883883< .  .. 

. .  ^ +< +3888383* < 

• .  . *  ++. . +38833* *< .  . 

SET  lA 


. .*38838888*+< . 

< *388888883* < . 

.  <838888883+< . 
<**8881888*< . 
.+388118888*. 
+388188888* < . 
<*388888888+. 
+3881818883 . 
<*88881188S< 

. +8888822883 . 

. 3888818888 < 

.  .  .  +881118188* . 

. 3881118883 < . 
+S88818883+< 
.*88818888*. 

. +388818833 < 
++*88188*83+. 
+++38888+833< . 
+<+*8888+83* < 

*  +< . .*38S+***<  . 

SET  IB 


.  *888388883+ < . 

< *883888883* < . 
<838888883+< . 

< **8882888* < . 
.+388888888*. 
+*88188888* < . 
<*388818888+. 
+3888118883. 
<+88881E88S< 
+8881111883.  . 

. 3888881888 < 

.  .  .  +888111888*.  . 
. 3881118883 < . 
+888818883+ < 
.*88818888*. 

. +38881883* < 
++*88188*8*+. 
+++38888+833 < . 
+  <+*8888<33*  < 

*  +< . .*388+***« 


SET  1C 


C-63 


SET  2  - 


3588888* 
38888888*^ 
*88811888. 
+888181883 
8888E8888* 
3888KSH888 . 
+888SES8883 
888aEEH888< 
«8aiU[I[BS883 
888BEES88S+ 
*88EaS8[l[883 
888KBES888< 
*888EEES883 
888HZEB888 
+888SEZ888* 
388822(8883 
.888888888 
+88888888+ 
*8888888* 

3888888* 

CLEAN 


.  .  <  <88888883* 

.  .  <  *8a8a8838< 

.  .  <SS8888S33< 
..888888888*  . 
.  «8882[2[8883+ 
..8888888888. 

.  .388E8888883 

<  881(2(888886  < 

.  .  3888SSE888*. 
<S88EEBE888< 
888882(1(E88* 

•t-8 8 8221(2(8(8  8.  . 

+888882288+. 

. 3882288888 < . 
+888882888+. 
*888828888< . . 
.*88828888+.. 
+38888888<  <  < . 
.38888888<  <  < . 
8828888+ <  <  .  . 


500  -  PIXEL  SETS 


<++*88883*3*+ 
<+*8888883** < 
.  .  <+*8888883*+« 

. .  .  <+88888883*+ 

..  .« *8888888*3+ 

.  .+888888883*. 

..  .3882888883* 

.  .  <882888888** 

.  .  ..*88822(2883+ 
8882222888+ . 
*888822288* 
.*888822888.  . 
+388882288*. 

. .  .+388888888<  < 

+  *388888883< . 
+338828888+ < . 

.  **3888888** < 

.  <+*338888**+< 

8833388888*+ < 
8*38*888***+< . 


SET  2A 


. . . .88888888* 

.  . . < 88888888 < 

.  . .888888883< 
..388888888*  . 
.+888228888+ 

..  ..8888888888. 

.  .38828888883 
. <8822888888 < 

.  .  3888222888*. 

+88 8b222888 . 
S88882228S* 
<8882222288. 
•888882288+. 

.  .3882288883..  . 

•1-88882(2888  < . 
3888828888. . . 

.  *88828888 < . . 
+68888888 < ... 
.38888888< . < 
8828888 < .... 


SET  2B 


SET  2C 


SET  3  -  500  -  PIXEL  SETS 


3588888* 

*8888888* 

4-888I$888+ 

.888l##888 

388#EB8883 

h.S8#1S1[88S* 

888BS1IEI88 

«888EB1ISI83 

88#1IBHB$3S< 

«6|1[EKKKI83 

888B2ES888+ 

*8821[l[lDSt83 

88tMES&iaS< 

+88t!I8Ht883 

388$EBB$88. 

88$IE$888* 

•fS888$8883 

*88888888. 

38888888-1- 

3888888* 


.  <388888883-i-<  < . 

<  «3888888S*-i-<  . 
,-h38SS8888*-»-« .  •  • 

<38888E888*< . 

<  «388888888-t-. . 
■f388888888*« . 
<38888S888a-(-. 
+388SE88883<  . 

.  <5S888M888<  . 

4-888EMJBH883 .  •  • 

«3888EEE888< 

.  .  +88®ffl8888*.  . 

.3888SBE883< . 

..  .  .■►888888888-h. 

. .*88888888* < 
.-i-8888E8883< 

<  <*88888883-i-. 

. <  <38888388*  < . 
<<< *8888388* < 

1  +  <  < . . -faasaaa*  < 


CLEAN 


SET  3A 


.  .  *888388883-k  . 

<  *383888883* < . 
<838888883+< . 
<»*888B888*<  . 
.-I-3881IE8888* . 

+  *88288888* < . 

<  *388828888+ . 
+3882228883 . 
<*S88822888< 
+8882222883 . 

. 3888222888 < 

...  .  +882222288*.  . 
. 3882222883 < . 
+888828883+< 
.*88828888*. 

. +38822883* < 
++*88288*8*+. 
+++38888+833< . 
+  <  +  *8888«33*  * 

*  +< . .*3S8+***« 


SET  3B 


- 1656388883+ < . 

’ 1*883888883* « . 

< 838888883+ < . 

«* *8882888* « . 
.+388228888*. 
+*58288888* « • 
<*388828888+. 
+3882228883 . 
<+S88822888« 

I  +6882222883. 

. 3888222888* 
+882222288* . 

3882222883* . 
’+888828883+* 
.*58828888*. 

*.  .+38822883** 

++*88288*8*+. 
+++38888+833* . 
+<+*8888*33** 

«  +<..*3S8+***« 


SET  3C 


C-65 


SET  5  “  500  —  PIXEL  SETS 


*S8Sa8S* 
388$$883 
88$||#88 
• S84nB88S . 
<88lBl[t8S< 
+S8BMH8[8S'^ 
•sirarata* 

«8I1B][S$8* 

*8tSl[Bl[t8* 

*8$EBBEt8« 

*8I21ISH#8* 

*8lSa22t8* 

*8la2Zat8« 

+S8aaaa8S+ 

<S8>aa88S< 

.S8taat8S. 

88$tt#88 

38818883 

*S8888S« 

CLEAN 


•  •••••• 3S8888S3 • •  •  »  • 

. 3S8888S3 . 

• • • • •  88888888 • • • « • 
• • • • <S888888S^ • • . 

•  • • • •^S888888S+. • . 

• • • *S888888S* . . 

.  . . .‘samias*. .  . 
. .388B8at8S«. . 

• • 3888aa88S* • 

• 8S8aaaa8s* • . 

• 388aaaa883 • . 

• • ■ *88aaa8883* • 

.  .•sitmas*. . 

• • *S888a88S* • • 

•  * •+88888888+. . . 

• . .+88888888+. . 
.....<  88888888 .... 

......  88888888 . . 

...  . . 88888883 .... 

....  . » 3888888* .... 

SET  5A 


+++++S88883** 
<++++8888883+ 
<++++811888*+.  ..  . 
<+++88t$a883+.  .  .  . 

< <++S88$a888+ . 
<+*SI8lt888*<  ..  . 
.++888aai883<  .  . 
<+S8la#|888+. . 

.  <+888121188*. 

. +3882222883 . 

.3888222888. 

.  ..*882228883+. 
..<888228888+.  . 
.38888888S+<  < 
.+88888888+< . 
.+88888888+< . . 
33888888+++ < . 
3*388888<++< . .  . 
**38S8a8<++<  < 

.  8  *3++38S8++<  < ,  . 

SET  5B 


. . *388388883++ < 

< *388888883* < . 

. <838888883+< . 

< *38882888* << 
.+388228888*. 
+388288888* < .  . 

<*388828888+. 
+3882228883. 
<*88882B888< 

. +8882222883 . 

. 3888222888  < 

.  . .  +88BB28B88  * . 

. 3882282883 < . 
+888828883+ < 

. *88828888* < 
.+38822883* < 
++•88288*8*+. 
+++38888+83* < 
<  <  +  *  8888  <  33  *  < 
.  *  +< . .*88S****< 

SET  5C 


C-66 


SET  6  -  500  -  PIXEL  SETS 


*S88888S* 
-f8888l888-i- 
888888888 
3888888888 
-t-888BKH88S* 
888BH1H888 
*S88E1IH8883 
888BEBS88S  < 
^8888M02883 
888inSBS88S-i- 
«88B1BHB883 
888SSHS88S+ 
^S88B8SS883 
3888HES88a. 
8888BE8aS* 
+S88888883 
3Sa888886< 

ssaaaaas* 
.8888888* 
<  8888883 


!  .*8888888* . 

!  * • • • 

• 

1  .888888888. 

• 

1 . .  .3888888883. . . 

•  » 

I  .+888888888*.  . 

•  • 

1  8888888888... 

*  • 

I  .  *88888X8883. . 

•  •  • 

1..  88888EH88S-»- 

i  .  .  *88888X8888 . 

i  8888BXXX8S* «  .... 

i  *8888X8X888.  . . 

t  .  .  8888888888*  ...  . 

1  -t-sssaxxxa&s. . 

I . 3888888888-1- .  .  . 

I  .  .  . .8888888883. 
i  ..-<-888888888. 

I  .*S888888S-<-  .  . 

I  ..88888888*.. 

1  ..  ..<88888883. 

1  .  .  .  ...  .^8888883. ... 


CLEAN 


SET  6A 


.< *88888883* << . 
<*888S$88S*-<-<  . 

!  .-<-83888#l8*-<-< . 

< 338888888^ < . 
.-<-388888883-<-. 
-<■388888888*. . 
<3888888888< . 
-<-8888888883. 
<*888B88888<  .  . 

^88888X8883. 

< 3888888888 < 

...  '+888888888*. 

•  3888888883 . . 
+S88888888+. 
.388888888*. . 

. +888888833 < 
+<388888*83+. 
<<<38888*S33< . 

<  <  +  *8888+68* < 

*  +<. . *388*33*.  . 


.. *888388883+ < . 

<  *383888883* < . 

< 838888883+ « . 
<•*8888888**. 
.+388888888*. 

+  *S888888S*« . 

< *388888888+. 
+3888888883 . 
<+88888X888 < 

. +888BXXX883 . 
.3a888XX88a< 
+8888X8888*  * 

. 3888X88883 < . 
+8888X8883+* 
.*888X8888*. 
.+388X8863** 
++3*8X88*8*+. 
+++38888+833* . 

+  *+*8888*33*  * 

•  +*..*388+****  . 


SET  6B 


SET  6C 


C-67 


SET  7  -  500  -  PIXEL  SETS 


38311883 

88tl$$88 

88lt#f88 

* S88flK88S  ^ 
+888BB88S'^ 
*8$KBMSl$8* 
*8$l]iaB|8* 
*88l[fflU[|8* 
»8#1[1UU[#8* 
«8#SBS]I#8« 
«8#EH1UI[|8* 
*8$KEME$8* 
«8|BBBB|8* 
*4*  S  8  flBMBS  8 
'4*  S8  8BB88  S'4‘ 
.S8IBB88S. 
88888888 
88888888 
3S8888S3 
*888888* 


. 38888883 . 

.88888888 . 

...  88888888* .... 

. <88888888+* • • 

...  +88888888* • • • 

. . . *88888888*  * • • 

.. .*888888883. .  . 

. .*888888883. . 

.  .*888BBB883. 
.*88BBBB883. .  * 
.*888888883. 
..*88888888*..  * 

. .*88888888*. . 
..+88888888*... 

. . .+88888888*  .  • 

... <88888888+ .... 

_ 88888888 . 

.  ..... 88888888 .  ...  . 

i*  ...  .38888883 . 

1  . *888888* . 


CLEAN 


SIT  7A 


_ 38888888 . 

,  88888888 . . 

<  .  .  .88888888* - 

.  .  . *  S888888S+ ...  • 

^  ^88888888+ ... 

!  .*8888f88S*  . .  .  • 

.  .  .•88$B$8883. .  . 

, .3S8ai$f8S*. . 

.  .*S8mi8S3. 
..3818888883..  . 

.3888888883. 
<.388888188*..  * 

...(-888888883..  . 

. . <88888888*. . . 

. . . <88888888* . . . 

.  .  <88888888+  . . . 

_ 88888888 . 

. 88888888 . 

. 8888888* . 

.  . .+  38888883* - 

SET  7B 


..38888883  - 

. .88888883. .  *  * 

. .S8888888 . 

.+88888888+ 
..*81888888*  .* 
.<388118888+...  > 

.  .388888888*.  .  * 

.  .388888888*.  . 
<.388888888*. 
.<3888888883..  . 

.3888888883. 
<.3888888863*.  . 

.  .+888888883* . . . 

.  .*888888883. . . 

.  .<38888888*. . . 
.38888888*. 
88888888* .... 

.  .88888888 . 

•38888883. .... 
.»  38388888* - 


SET  7C 


C-68 


SET  8  -  500  -  PI3CEL  SETS 


*SS8388S* 

+888l$8864- 

888lt#886 

388$m88S 

»S8#1[2KI8S+ 

68$ESm$iQ 

ZB$eESM$aS* 

<Sa$WXK$SQ 

38#BS]I]a[88* 

+S8#BB2H#8d 

3812222X38* 

•i‘88t2SB2»88 

38$EEBS$8S4- 

.88122211883 

«S8I22«I88 

388l8$t8S+ 

<88888«8S3 

*S88888S3 

*8888888. 

3888888  * 


1  . +88888883 

I  ... ^88888888* 

i . 388181888  < . 

1 . 888##M8S8.  . 

1  . +888l8lf8S* 

I  a88$8M#88.  . 

I  .  . . .*S82t#tf883 
1.  .  .<88ltl##t88< 

1 . .  3882222^883. . 

1  .  <88l|222t88< .  . 

1  .  3888|22<883. . 

1  .  . . <S88tl22l88< . . 

I.  ..3888112288*...  . 

1.. .  .888ltlt883 . 

1  ..  «S8I8||888< . 

1  .  388118888* . 

1.  .<688##8883 . 

1.  *53333388 < . 

{  .  <38888883. . 

{  <3888888+ . 


CLEAN 


SET  8A 


\  ....38888888* 

i  . . . <88186886+ 

I . 88I8I88S8< 

I  .  . • 3888888883  . 

I . +888288888* 

1  . 8888888888. 

I  .38828888883 

{ . 8882888888+ 

1  .  .  ..38822228883. 

1  +8882222888. . 

i  .  8888822288* 

1  <8882222288. 
*888882288+. 

1...  .8882288883.. 

J  +888822888 < . . 

1  3888828888... 

]  .*S8828888< . . 

i ,  +88888888 < .  .  . 

I  . 88888888 <.. 

1  8828888^ .... 


. . .38888888* 
. . <88888888 < 
.  .8888888S3< 
.388888888* 
,+888288888+ 
..  ..6888888888. 

.  .38828888883 
.  ..<8822888888+ 

.  ..3882222888*. 

.  ^-5882222888. 
5888822288* 
<8882222288. 
*882882288+. 
.6882288883..  . 

+888822888 < . 
3888828888. . . 

.* 88828888 < . . 
+88888868^ ... 
.888888S8< . . 
8828888+ .... 


SET  SB 


SET  8C 


C-69 


SET  9  —  500  PIXEL  SETS 


*S88&8S8 . 

*S88888S3 

<888888883 

388888888+ 

«8881[B8888 

.8882BB8883 

388mnnt888+ 

+S8822XS888 

3881ISBSKS8* 

+888BSBS888 

3881IBBBB88* 

<888SBBS88d 

388S1[![21888* 

888SSKK888 

*888282888+ 

3888888883 

888888888 

■(>88888888+ 

*8888888* 

*8888883 

CLEAN 


.  <3SS888883+< < . 

. *8S88888S++« . 
.+88888888* <<  . 

.  .  <338882888+< . 
,-(-888828883+. 
+388888888*.. 
<3888828888+. 
+8882228883 . 
<*888228888< 

.  ,  . +8882222883 .  >  .  . 

. 3888222888 < 

...  .  +8822282883.  . 

. 3882222888 < . 

..  .  < 88882888?+ < 

.*8882888S3< . 

.  .  .  .<388228888+ 

<<*88888383*. 

<  <  <  *8888*833< .  . 

<  <  <+8888*883+ 

+  <  .  .  .+388*333<  . 

SET  9B 


.  . . 38888888 < ........  * 

• •••••*•• 

•  ^  •••••••• 

_ 8S8III88S* . 

...*S88888888< . 

<8888888883. ....  . . . 

.  ..3888888888* . 

. . . .  +8888288888 < . . 

. 3888228888*.  .  . 

_ +8882882888 < . 

. 3888222888* 

...  . . +8882288888 < . . . . . 

_ 3888282888*..  . 

. 8888888888<  . 

. +S88888888*. . . 

. 3888888883. . 

. 388888888  < . . 

•  ........<  88888888+ .  . 

. +6888888* 

. *888888*. . . 

SET  9A 


.. *888388883+ < . 

<  *8838t$883*< . 
<83888$t83+< . 

«**8$m$8*<  . 

.+38l22tt88*. 

+  *88211118* <  . 
<*38$t2$l88+. 
+3882221883. 

< *888222888 < 
.+8882222883.  *  •• 

. 3888222888 < 

...  .  +882222288*.  • 

. 3882222883 < . 

I  +888828883+ < 

I  .*88828888*.. 

. +388228833 < 
++*88288*8*+. 
+++38888+833 < . 
+<+*8888<33*< 

*  +< . .*388+***« 

SET  9C 


C-70 


SET  10  -  500  -  PIXEL  SETS 


*S8888S* 

1  . - 3S888883 •  • • • • 

3S8888S3 

1  ....  • 88888888 . .  .  •  • 

3S8888S3 

1  ^  ^ .  38888888  ^  • 

. 88888888 • 

1  ^  , , ,  ,  <  88888888*^ .  •  • 

<  888^^888^ 

1  ...  +S888888S*  . . 

*^888^  ^88  S'^ 

1  ..  .*88888888*. . .  • 

+888^^888*^ 

1  .  .  .  .*888H8888*.  .  • 

«S8lttt8S* 

1  ..*881888883.. 

•SS$$$$8S* 

I  ..*88811888*. 

*S8$t888S« 

1  .3881111883..  . 

*S88#888S* 

1  .3888111883 

«S8I8#I8S* 

I  .  .  .*8811188'® ♦.  . 

+S8I8I88S+ 

1  ..*888118883. 

+888^^888+ 

j . .  . ,+888888883. .  . 

+88888888+ 

1  . . .+88888888*  .  . 

<  S8888888  ^ 

1  .... <88888888+.  . 

88888888 

1  ....  68888888 .....  . 

38888883 

1  • • * • k  3S93fiSS8  •  •  •  •  •  • 

•S8888S* 

I  ...  .38888888 . 

»TyTr«fw»rf»riffrw>ritirBfiitgggggggg 

1  • • » • 8 • 388SS8S3 • •  •  • 

CLEAN  set  lOA 


1  . <++*»+S88S83*+ 

1  <++•  +  *  8S88S8 

. < . . .88888883 . 

1  .<*+**888888*+  ..  • 

1  , 

. < . .+S88S8888<  . 

1.  <++*8888888*+.  .  •  • 

.... *88888888<  . . 

1  <  <++S9B(88S8^ •  • 

. . <388888888+. . . 

I  <+388888883*.  .  . 

.  ...388818888*..  . 

j  .  <++88818888* < 

.  .388188888*. . 

1  .  <+888188888< . . 

<.388818888*.  .  . 

1  .  <+888818888+. 

. <388 11118 83.. 

1  , +8StHBEE883 • • 

.3888111883. 

1  . 38881118 S8. 

< .388111888* < .  . 

1  .  .  .  +881118888+. 

•  • '^S8^EB98S3 <  • 

1  .8881^88*8*.. 

1  • 

..<888888883... 

1..  .  .*888rMb+«< 

. . . <88888888*.  .  . 

J  .  .  .+3888888S++< 

.38888888* _  . 

1.  .  .  <38888188++. r 

•  SS888^8S^ • • • » 

I  **888188+*++. 

1  • 

. . .  .86888888 . 

1.  .  **3S8888<+*+< .  • 

...  .38S88883 . 

1  •♦•8S88S< *++< 

..  ..+  *S888883< . 

I  ...  8  ** < <38SS++++< 

SET  lOB 


SET  IOC 


SEl  11  -  500  -  PIXEL  SETS 


.38S8SS8* 

3S8888S8+ 

*8888S8S3< 

+8888888S3 

3S8888888* 

*888188888. 

+888888888* 

3888888888< 

*8888888883 

8888888888+ 

*8888888883 

3888888888< 

*888888888* 

3888888883 

+888888888+ 

«S8888888* 

388888883 

<88888888< 

+8888888+ 


CLEAN 


......  38888883 .  .... 

. 88888888 . 

.  .  .  . .  88888888^ .... 

•  . . . ^  88888888+ ... 

.  . .  +88888888*  . . 
...*88888888*...  . 
...*88818888*..  . 

. .*881888883. . 
..*88811888*. 

. 3881111883 . . 

.  3888111883 
..*88111888*.. 

.  . *888118883. 

.  .+888888883. . . 
...+88888888*  .. 

.  • .  <  88888888+ . . 
....  88888888 ..... 
.....  88888888 .  .... 
...  . 38888888 ..... 

.  .  .  . 8 . 38888883 .... 

SET  llA 


. . . .38818888* 

_ 38848888* 

. . . <  88188888+ 

1  .  . . <88488S88< 

. . .88$I$<8S8< 

.  .  .8844448S3< 

1  « 

..3S88I8$883  . 

'  ..388844488*  . 

1  * 

.+S8I8II8S8* 

,  ■...  .+884144888+ 

. 8818881188. 

I  ..  ..8844884488. 

.  .38#1$I88883 

1  .  .38414488883 

.  .. .8811411888+ 

1  .  ..<8811444888+ 

1  *  • 

. . 38811114883 .  , 

.  . .3881111t«8** 

+8841111888 . 

I  ’  .  +S841111868. 

1  « 

8884411188* 

1  .  S88441118S* 

<8481111188. 

1  <8481111188. 

*844441148*.  .  . 

1  *841441148+.  •  • 

1  •  • 

.  .8881144483..  . 

I..  .8881144483.. 

+888411888 < . . 

1  +S88411488< . . 

3884414488... 

1  3884414488... 

.*88814488... 

1  .*88814488< . . 

1  • 

+88884888< ... 

I.  +888848S8< . . • 

. 88884888 <.. 

1  .88884888<.. 

881848:.^+.  .  .  . 

1  8818488+ ...» 

SET  IIB 


SET  lie 


SET  12  -  500  -  PIXEL  SETS 


+Q8SS&&S* 

<888t#8SS+ 
3S8ltt888< 
*S888S#883 
<8a8SBK«8S* 
38$Il[lIlIt8S  < 
+S8tlISlIKt83 
88flIXHSf88+ 
*S8$EHlISt88 
68#SHEEK8S« 
+S8#![lISl[t88 
388MBai[tas* 
<Sa$BSSE888 
*88lflEXl8S+ 
888$IE8883 
<881888888 
*58888888+ 
3888888 S  * 
38888883 
.3888883 


.  . .*8888888* . 

.+88888888+ . 

. . 888888888 . . 

_ 3881181883 . 

. . .+888881888* . 

.8888888888« . 

. .*8888888883 . 

. 8888188888+. 

, , , .  . *888b1E8888 .... 

...<8888881888+  . 

.*8881118888. 

. 8881188888+  . 

_ +8881888888. 

. 3888888888<  . 

. <8888888883. . . 

1  . *888888888.  . 

I  . 358888888+..  • 

I,  ........<  38888888* . 

I  ,,  ...... <88888883  . . 

I  ....  . <8888888  . . . 


CLEAN 


SET  12A 


.  . *88888883+< < . 

. *8888$888*+< . 

.  <888888883<  < . 

.  .  < 338111188* <  . 
.+881111188*.  . 
<38III«8IS3< . 
<*881111188+. 
+8881118883. 

<  *888111188+ 

. . . +88 811118 S3 < 
.3888111888+ 

...  +8811181883. 

. 3881111888+ . 

....  <888818888* < 
.+888188883< . 
.<388818888+ 

<  <+88888388* .  .  . 

<  <  <  +88883883+ .  . . 
< . <+3888*883+ 

<  <.  .+*88*333+  . 

SET  12B 


.*888388883+« . 

‘  <*888888883** . 
<838888883+*. 
<**8881888**. 
.+388118888*. 
+*58188888* « . 

« *388818888+. 
+3881118883. 
<+S8811188S< 
.+58811IffltS3.  . 

.3888111888* 


. 3881111883 < . 
+588818883+* 
.*88818888*. 

. +388118833 < 
+<*58188*83+. 
+++38888+833* . 

<  <+*8888*33** 

•  «< . .*3S8+***«  • 

SET  12C 


C-73 


SET  13  -  500  -  PIXEL  SETS 


38888888 

38888888 

1  • • • «  • *358^8886 •  •  • 

88888888< 

J  -  88888888... 

88888888+ 

1.  ...  88888888<.. 

<88888888* 

1.  ...  <88888888+.. 

<88888888* 

J  +88888888*.. 

+888888883 

1  ...+88888888*... 

+888888883 

i  .  ...  *888888883.. 

*888888883 

1  ..*888888883.. 

*888888883 

1  ..*888888883. 

+888888883 

+S88888883 

1  ..*888888883.. 

1  .  .*888888883. 

+S88888883 

i  .  ...*888888883.. 

<88888886* 

i  ..*888888883.. 

.88888888* 

I..  ..+88888888*... 

88888888+ 

1  • « 

88888888. 

1  .  ...<88888888+... 

38888888 

«Sa88883 

+888688* 

i  • * •  • 3S88Sfifi3 • • • • 

CLEAN 

1  ••••<»  *S888SS3» • • • 

SET  13A 


.  . .38S8&8S8 . 

«  3S88^888« •  « • 

.  8888&8SS< . . . . 

•  .  <  8888888S'^  •  •  • 

.  +S888888S'^  •  •  • 

.  .*S8$$I8»S*. . . 

.  . *88$BI8883. .  . 
.  .3881[|t88S*.  . 

. . «88#El#aS3. 

«  .  388BB21I883 .  • 
.3888KBH$83 
< .3S8BBB|$8* . . 

.  . +8881111888*  •  • 

. .+88888888*. . . 

. . <88888888+. . . 

. . <88888888+  . . . 

. . .88888888 . 

...  88888883 . . . • . 
. . .8888888*  .  .  .  * 
.+.38888883. . . . . 


. . . • 38888888 .  . . . * 
. .  .88888888. .  *  « 

< . . . 88888888  < . . * . 

. . . <  88888888+ ...  . 
.  •  +88888888+ ... 
...*88111888*...  . 
.  .  . *88IB|88S* . .  . 

.  .388881888*.  . 

< .*888818883. 

. <  3888BBB883 . . 

. 3888B8B8S3 . 

< .388BBB888*. .  ■ 

. .+888888883. . 

. . <88888888*. . . 

. .  .  <88888888*. . . 

• .  <88888888+ 

«...  88888888 ..... 

. «  « .88888888. . . .  .  . 

. « . .88888883. «... 

• «+  888SS883< .... 


SET  13C 


SET  13B 


SET  14  -  500  -  PIXEL  SETS 


+88S888S3 
.88881888* 
388II8888< 
*S8881[|883 
+S881ISKI8S* 
a88BraE888 
«S88SiniH883 
•  888BKES88S  ^ 
Si$EXEXM$a3 
<  S888BBM88S  ^ 
388£l[fllIE883 
.  S88EB2[Il8a8 . 
*888ES&t8S« 
888SEEI888 
^S88EE888S  ^ 
388888888* 
888888883 
+88888888 
*8888888  < 

*888888+ 


1  .  . +88888883 

1  .  .. .+88888888* 

1 . 888888888  < 

I...  ..... .3888888883. . 

1  . +888888888* 

1  _ 6888888888.  . 

1  .  .. .*8828888883 

I.  .  . <88888E8888< 

J .  .  .  . 388ESEE8883 . . 

1  .  .88881[EE8a8+.  . 

1  .  38888BS8883.  .  .  . 

I  ... <  S8888SE888  * .  . 

1.  . .388888ZE88* . 

I...  .8888888888 . 

1  ..*888888888+ . 

I  . 388888888* ...... 

1 .  . . 888888883 ........ 

I.  *88888883 . 

1  .  *8888888+ . 

J  *888888* < . 


CLEAN 


SET  14A 


.... *8888888* 

.  .  .  <88888888+ 

. 888888888< 

.  .  ..3888888883  . 

. +888B88888* 

. 8888888888. 

.  .388E8888883 

. 888B888888+ 

. 38822288883. 

+8882222888 . . 
8888822288* 

.  <  8 8 8222228 8 . 
.*888882288+. 

...  .8882288883.. 
+888822888 < . . 

3888828883... 

.  *88828888. . . 
+88888888^ ... 
.88888888^ .  . 
8888888^ .... 

SET  14B 


. . . .38888686* 
... < 88888888 < 

. . .838888883< 
..388888868*  . 
.+888288888+ 

..  ..8888888888. 

.  .38828888883 
.  ...8822888888+ 

.  ..3882222888*. 
+8882222888 . 
8888822288* 

<  8882222288 . 
*882882288+. 
•6882288883. . 
+888822888  ^ * • 

3888828888. . . 

. *88828888 < .  . 
+88888888 < ... 
.88888888 < • . 
8828888+ . •  •  • 


I  SET  14C 


C-75 


SET  15  -  500  -  PIXEL  SETS 


*8888888  < 

+88888888 
888111883 
3888$#|8S* 
+S8llUItl8S< 
88IBSBII88 
*88t2m![88S* 
.S88S1IBEI88. 
38I1S1[1[1[|83 
^  888K^1S^1888  ^ 
38|a21IHSl83 
.88|BSSBlaS< 
*S88BB1[Z883 
88#aEa2[888 
+S8taEai8S* 
*S888E$883 
388888888  < 
.88888888* 
+88888883 
*8888883 

CLEAN 


. *3883888S3++< 

< *388888883* < . 

. <838888883+< . 

< *38882888* < <  .  • 

.+388228888* . 

+388288888* . 

<*388828888+. 
+3882228883 . 
<*888822888< 

« +8882222883 . 

. 3888222888 < 

..  .  +882228288*.  . 

. 3882282883 < . 
+S88828883+< 

. *88828888* < 

. +38822883* < 
++*88288*83+. 
+++38888+83* < .  . 
<  <  +  *S888 < 33*  < 

*  +< . .*8SS+***<  . 


SET  15B 


..<<+++888883*+ 

<  <  <  +  <  *8888883+ . 
..<+++888888*+. 

.  .<+*3888888*+« 

. . <+<88888888+< 

<<*888888883 _ 

. . ++888828883 < . . 

..  .<888288888*.. 

.  .<8888288883.. 

. <  3888222883+ . 

..  .*888222888. 

. .+882228888+ < 

. . .388228888* . . 

. .  .  <*88888888+.. 
.+*8888888+<  < 

.  .  .  .+38888888++. . 

_  **888888+++< < 

.  ..  * *388888++++ < 

.  . **338888++++ < 

..8  *3< . *888+++ < < 


SET  15A 


.  .  *868388883+ < . 

< *883888883* <  . 
<838888883+< . 

< **8882888* < . 
.+388228888* . 
+*88288888* < . 
<*388828888+. 
+3882228883 . 
<*888822888< 
+8882222883. 

. 3888222888  < 

...  .  +882222288*. 

. 3882222883  < . 
+888828883+ < 
.*88828888*. 

. .+38822883* < 
++*88288*8*+. 
+++38888+833 < 
+  <  +  *8888<33*  < 
*  +< . .*388+***« 


SET  15C 


C-76 


SET  16  -  500  -  PIXEL  SETS 


«S8888S3 

38818888 

88888888. 

88822888+ 

.88822888* 

<88822288* 

+S82222883 

+582222883 

+882222883 

*882222883 

*882222883 

+882222883 

+882222883 

<88222288* 

<88822288* 

88822888+ 

8888888S< 

38888888 

38888888 

+8888883 

CLEAN 


_ *8888888 . 

«  •  . 38888888 . « . < . 

^  m  • •88888888< .... 

...  <88888888* . • ^  •  • • 
^  ,  +88888888* ... 

... *88888888* .< .  • 

.  .  .  *888288883< .  . 

. . 3882888883 << 

< .3888222883^ 
.<3888222883..  . 

.3888222883 
<  » 388222888 * .  . 
.<*88822888*..  . 

. .+88888888* ... 

. . .+88888888+ ... 

< .  .  <88888888+. . . .  - 
....  88888888 ..... 

. 88888883 . 

. 8888888*  .... 

. . <8.88888883 . 


SET  16B 


. *3888888 < . <  < . . 

....  . *8888888<  . .  <  . 

. < . . . 38888888+  <  <  <  . 

. <38881888* ...  . 

...  +888II88S*. < . 

...*888I88883<< 

. . < . +888288888 < . 

.  . .*88228888* < < 

.  .  . .*88828288* < 

. 3882222883 < .  .  . 
<3888222883 
. <  888222888+ . . 
<<*88822888*. . . . 

. ..  .<*88888888*.  . 

. .  <  <+88888888+. . 

. < . +88888883+ . 

. . <  <88888883.  .  .  . 

.  <  <  <  < . 88888883 ... 

. <  < . <8888883* ... 

.  .  <  <  * .383+888*  < . . . 

SET  16A 


.......  38888888 ...... 

< . . .  .88888888.  . 

.  .....  88888888  <  .  .  .  . 

.  .... <88888888+ ... 

...  +88888888+ ... 

. . .*88$tt888*. . .  . 
.  ...*881218683..  . 

. .388218888* . < 

< .*S8$2$$883. 

, . 3882222883 . . 

.3688222883. 

< .388222888* . . 

. ,  +888228883 . . 
.+88888888* ... 

, . ,'  <  88888888+ ... 
... <88888888+  ... 

•  • • • 88888888 ..... 

.....  88888888 ...... 

.....  88888883 ..... 

. *.38888883 . 

SET  16C 


C-77 


SET  17  -  500  -  PIXEL  SETS 


3S8888S3 

3S88888S* 

*88818888+ 

<888888883 

8888KS8883 

*8881[SI[88S+ 

<8881Sia[888 

388SSKS88S* 

+888BS2S888 

d88lIl[BBK88* 

«888EB1[S888 

888HSSB888+ 

+888SSB1I883 

388E1[2M888< 

<888SMH88S* 

*8888H8883 

388888888< 

<88888888+ 

+8888888* 

*8888883 

CLEAN 


, <+*8888333*+ 

. <+8888883*3< 

< <+8818888**< 
<<888888833*  . 
<38888H883*+ 

.  .<8888888833. 

.  .8881888888* 
<8811888883+ 

.  .  *888111888+ 

. 8881111888 < . 
388881118S* 
<3888111188.  . 
+888881188*. 

. *381881888 <. 
+388881888* < . 
•*3881888S+< . 
+33818888* <. 
<*3888888++< . 
+33338888*++. 
.338*888+++« . 

SET  17B 


+3888888+++++ 
<*888888++++. 
*38888883+< < < . 
+38888888*++ 
.+S888818S++< 

.  .*88888888++.  . 
<888188888++ 

.  .  +881888888+ < 

.  .  *888111888+ 

. 3888111888 < .  . 

<  3888111883  . 

.  .  <+88881188S<  . 

< +888811883 < 
++S8888888+< 
<++88888883*. 
<++3888888**. 
..+++•8888883+  ..  • 

< <++*888883j+ 
3++++8888S83+ 

.  8 < *8+8888833+ 

SET  17A 


. . <  <88888888* 

. . < +88888888 < 
...888888883. 
..888888888*  . 
.*888118883+ 

..  ..8888888888. 

.  .38818888883 
.  .< 8811888888 < 

.  .  3888111888*. 
+8881111888 . 
8888811188* 


+888881188+. 

.  .3881188888..  . 

+888811888 < . 
3888818888 < . . 

.* 88818 888 < . . 
+88888888< . . . 

. 38888888<  <  < . 

a818868< .... 

SET  17C 


C-78 


SET  18  -  500  -  PIXEL  SETS 


.  +  < 

+33* « 

*8883+ 

38SSS8+ 

3S888S8+ 

*8888888+ 

+88888888. 

.888888883 

388888888* 

*888EBK88S< 

888EE11B888 

388mKK88S* 

<888mB88a. 

3880011883 
< 8881111888 < 


^ « <++8888333*  <<..<. 

.  .  < < < <38888833< < « «  . 

. . < < < <8S888SS3« « « «  .  • 

. .  . . . . . 

...«« 388888883* ««.. 

.  . <388888888* « « - 

.  . <388818888* « .  •  •• 
.  ,< 388188888* « . 

.  .  . <*88818888S«  .  • 

. . 3888111888 . < . . . 

1  _  . 3888118888 « .  .. 

I* . <+£88118888+ «  .• 

I  ,  <  <  +888818883++ . 

I  _ <<  •*88888883++. 

I  , ,  <  <  < +388888883 < ++ 

I  << .+338888883 < <+. 

1  *“.<.<  <*33888888++ <  <  • 

I*  <.<<<+33888888++«<- 
I*  < < . . <+33338883< « « < 

I  +  <  .<**3*8883++++. 


CLEAN 


SET  18A 


.  . +++++888883*+  . . 

<  <  +  *++888888*  + 

.  <+++*888888*  +  . 
,++*8888888*+ . 

. <  <  ++£8888888+ .  . 
<+*88888888* .... 
.++888188883* . . 
<+888188888+. < 

.  .  <+888818888*.  .  . 
.+8888181883* . 

..  .3888111888. 

.  .  *.*888118888+*.  . 

. . .888118888*. . 

. 388888888+**  . 

.  ..  .+38888888+**.. 

.  .  .  .+38888888++. .  .  • 

3*888888+++** 

.  ..  **388888*+*+*.  .. 

**338888*++** 

. .  . .8  *3*  <  *888++++* .  . 


I  ..*388388883++* 

I  <*388888883**. 

I  • *838888883+* . 

I.  **38881888** «  •  • 

1  .+388118888*. 

1  +388188888* « .  .  •  • 

I  *3888818888+.  .  . 

I  +3881118883 .  . 

I  < *888811888 < 

I  • +8881111883 . 

1  .3888111888* 

I  ...  +881118188  * • 

1  .3881181883* . 

I  +888818883+ * 

I  .  .*88818888** 

1.  .+38811883** 

I  +•>•* 88188  *83+. 

1  +++38888+833* . 

I  <<+*8888*33** 

I  .  •  +<..*8SS***** 


SET  18C 


SET  19  -  500  -  PIXEL  SETS 


<  < 

+  **+ 

<3883< 
*8SS8* 
3S88S3 
<  88SSS&< 
*S8S88S* 
38888883 
88888888 
83888888 
<  S88KB88S  * 
+888Bll88S-«- 

*881I1I1[1I88* 

*881KKS88* 

«88imK88* 

•88EEEB88* 


,,.<<<  ++8SSS33*  *<..•<• 

, , , « €  <'+8S88S33*  <  .  •  *  ^  •  • 

,  , ,  < <  S8888883  <  .  <  <  •  • 

< ++*S888883*+ • • •  ♦ • • • 
,  , ,  < <3S88888S3* • •  •  • 

,  <^*388888883^^  .  •  •  •  • 

.  <  3888H8888'^  •  • 
<3888888883..  .  . 

. 3888*88888 <  .  .  .. 

•  . 3888***888  < .... 

.  ...  *888*88888+.  .. 

. .  . . <  <888**8888+< ... 
.<<<3888*8888*+. 

. <++S8888883*+<  .  • 

,  . < . < +*38888888 < ++  • • 
...  < . <  <  *38888883+++ . 

.  . . < . < <+3*888888+++< 

.  <<<.<+33888883++++.  <• 

_ <+*33*8883++++ 

. <+<+*8883++++. 


CLEAN 


SET  19A 


l**88883*  +  <  • 

l*388888*  +  «  • 

I338l#883+<  ** 

J3S8l8883+<.  ... 

1*8$$I8883<.  ** 

188t$8l883+ . < 

1*81881888* .  ^ 

l+888888883< . .  *  ^ 

I +8888*8888+ . 

I +8888888883 < .... 

1 . 3888*8*888 < 

I  +888ES8888*< 

1  . 3888*8888* < . 

I  . +88888888 *< < 

I  . < *8888888*+<  .  .  « 

1  <*8888888**< . . 

1  *+388888*3*+<  .  . 

I  ++*88888+**+* . 

I  +++*8888< * *++  .•  • 

18  ++..*888+**+*  .  ****** 

SET  19B 


1 838888*  + «< 

1 3888883* <. 

1 8888883+ <. 

1 888*888* <. 
1888*8888*. 
1S888888S** . 
13888*8888+. 
13888*88883. 

1* 8888*8888 < 

1 +88888**8S3 . 

1 .3888***888< 

I  +88***8888*.  . 

I  .388**8*883< . 

I  +888888883+ < 

1  .*88888888*. 

1  .+3888*883* < 

1  ++*88888*8*+. 

I  +< +38888+833 < . 
I  < <+*8888<33*< 
l»  <<. .*388+**** 


<*38 
<83 
<** 
.+3 
+  * 
<  * 
+ 


****** 


SET  19C 


C-80 


+  * 


SET  20  -  500  -  PIXEL  SETS 


1  « <  **3+3883<  *<< .  . 

1  < « < . . .•3333S83+« <+< 

I,  . < < . < .388S88»S++< < . • 
<33S88SS83<  < .  • 

1  ..«<<• +3388888S*  <  <  <  • 


<  + . 

1  <  .<*388888883+ < 

1  .  ..< .*888X88883+ < 

<  *33+ 

1  .  .  << +88X88888+ <+ 

+3888* 

I..  .  . <*888X8888* « 

+888883 

1  _ 888XXXX8S3.. 

+6888883 

1  <8888X1X883 

+8888888* 

1  ...<888X1X8883. 

.88888888+ 

1 .  <  <  8888X1888+ . • 

388$$t888. 

1 . +388888883*.  . 

*888888883 

1  . . . <  <  *88888888* .  . 

<888X1X888* 

1  .  .+<*88X88888*.. 

j  ..<<  +  <  88888883+  < . 

888XX8X888 

*S881][|IH883 

1 ,  <  <  <  +  <  *8888883*  < . 

.888BXXX88S< 

1  <++<< 38888833+ . ‘ 

38$EKXXX883 

1  . .S< « « <3S88388*+< . 

S8|1IKXX88S< 

SET  20A 

CLEAN 


I  38881888... < 
1  38888185+... 

.38888888* . . < 
<68888888* . . < 
.+888818883. <  . 

888S88883< . 

.  881888883 << 
.*S88*88883« 
.3S88BKH883. . 
.3fi888EH883 
<35888X888+ . . 

<  *8881X888+. . 

. *88888888+. . 
.+88888858+  • 

. +88888888 < 
..88888883.  . 

.<8888888* 
..8888888*  •• 
1*.  8888888*. 


«  ^  • 

0  0 

•  •  •  • 

<  <  . 

.  <  •  < 

BBXSXX 


SET  20B 


I 

I 

I 

I 

I 

I 

I 

I 

I 


+388888S« .«*' 
*3S8I88S<« • 
*8888»88*<«*- 
»68888883< « <  • 

<388888t«®^** 

« 888X18888 ««  • 

+S8Xtt8888« « 

*888X88®®®* 
r.3S881^»J®*  • 

1  «3888XXX®8 
1  <88®X1X8®S+. • 
1<38®81X®83+. 

I <*88888883+ 
i«*8888®8S3<  • 

I  +88888883 < 
*<^1888888*  •  • 
I « <8888888* 

I <  <  S8888S8+ 
18.8888883+. 

SET  20C 


.  . 

.  . 


< 

< 

< . 
<  < 

<  < 
<  < 
.  .  « 
+  <  < 


.  +«* 

xxxxxx 


C-81 


C.4.A.  6Q0-Dixel  images 


SET  I  -  600  NODES 
NON-TRAINING 


]+. <3*3S«*++*6****«3S+<3S8 
I <3»*3*338. <3888*+*S. *3888 
1 3*3SS8«  *++<  3*SS3+*+3*8  <  8S 
J.»++83++88  ++888++3<3. . < * 
l+»<8.S*8888+88S«8+8*++«83 
1 S88333S8S838  <  8 .  -i-*88-i"i-  <  *8* 
18S3S*8S888888< <  8S38+**33 
1 38SS8S8S88  <  S8S  <  383888838  < 

I  +*88+8388S38883*88+'i-*8883 
I <  « <  38+88838888*  <  88  <  <  +888* 
1 8*8888+83838888*  * • *8*  *+38 
l*3838*+333838888<S*<+< «  3 
I  **S+a*+888888Sa838S3*<33 
1  <86S88888888S888833+*< <* 
I  <+*3+. •3S888S38888*»8<  »*8 
1+++,  **6638888883888*638* 
1  <  +3 <  ++3 <  <  +3888K8KK883+  *+ • 
1<«S«  3. <. .3888888888833^ . 
1**8S<..  *8+38388183++..** 
l+.8»<  . <3*++*a88ia3  +  .3 
I++++  < .388+ <388188333+  + 

1 3*  .  +  <  +8+83* • *888888+ . . < . + 
I638+*<+  <33*+. 3888888* *88 
I  ++ . 3+8 . <  <  *38+8 <  3888883*88 


I 


*3*< 

*888+ 


38886+ 

*88886+ 

+888888 . 

88$t888 
38##8883 
+8881888+ 
88811888 
*88111883 
38111188 . 
*88111883 
S8b1H88  < 
*88111888 
88811188 < 

<  88111883 
38811888 
8888888* 
<8888883 
+888888 
*88888+ 
•8888* 
*888* 
+33+ 


NOISY 


noise-free 


.  <*33*+. 

.38883+. 
t  .388888 < 

j  388888*  < .  ' • • • 

j  *3588883+.  •  •  •  • 

j  <8S888883<.  •  • 

I  aS88t88S3< . 
j'  *88ft88883< . 

1*  , <S»atl8888* . 

I*  3111881888 < 

I  .  +fia$ll>8S3. 

!*  ,81118*<®*3.  . 

I  .  +8H2tl*8®»3< .  .  • 

•  .  .+3$aa»*8®«*+^  • 

,  .++88ail8aa***.  .• 

1  ,+<88t<l8a83*8+  . 

1  << +38888888338* " • 

I  ‘ ’+< <*3388888S883< . 

,  <**+333888888+ 

I  <  < * < < +*38SS8S* . 

‘  <"..«  +  <  .+33888S3< 

<*  «.  .*388883+ 

•  . . 

. .  ...ssasa* 


PROPAGATION 


^ ^  *388333*+++<  <  < , 

1  <*88888S83++< < < 

i  •88SSS8SS*++< < . ’ ’ 
1  .  +8SSS88885*+<  < 

I  +3858888888*+. . 

1  ‘ •8S88l||8S*+< . 

J..  +3588818885+ < . 

j  ‘ *5881118883 < .  . 
»•  . .*8881111888 < . 
<3588111185*. 

• *8881111888 < 
.<3881112188+.. 

.  . <*588111185 *. . 

•  ... <3888111883 < . 
...  . +588811888 < . 

'  <388881888*. 

.*888888a83< . 

.  <*58888853+. 

.+*5888858* . 
..  .+3S8SS83*. 

. +*55883* < 

•  ..  .  ..+*3*33*< 

...  . «+++***< 


recursion 


C-82 


NGN-TRAINING 


!  +  <  +3+*3S*++»8*38$8S83+3aS 
! <3***<++»<  <33888888*8*388 
! 3*  *83+<  <  <  <  <  **888888833<88 
! <>*+*+. .++. *881188838 <<+• 
!+*<3. *<+***388t8#888*+<3* 
! 658* *++*  +  3 *888888888+ <  *8* 
!53*8*3*+++SS88838888+***3 
1 3388838**8+88188888883*8+ 
! +*33+3+3*S88#888t#3+*8833 
! +*+33+**S38$t88888*<+338* 
!3*8838*88S88888888*3**+*8 
! +3S3S *  *88888S8$888*+*  <  + . 3 
1 . **8+388SSSSS8888*883*+33 
! . <8383818)88888888*3+*++* 
!+-f  **  +  *  8828)88883*3*  *8  <*  *3 
!+++< . SS)8888Sa8++388*3*8* 

! <+3+388SSS8a888*88883+*+< 

J  +*8**8388888S8+33S388*3+< 

!  **3S388a8aS88+*+88++* . . ** 
!+. 333*888888*3+383+.+  ..* 

! +++3*88a))83**8S88++*+  +. 

!  3*  <  38888888**8383** <<  <  +  <  + 
3  *  33S8  S  *  38  * ++ <  3 *  *  3333  *  *  88 
++<888*****3+3+333883**83 

NOISY 


.38888* 

.388888* 

3888888* 

38888888+ 

*888)8888. 

+S8))))863 

88))a))8S* 

388)111)88 . 
+88)01)883 
88)00)88 < 
*88100)85 
88)00)88+ 
*8)100883 
88)00)88 < 
*88)00)83 
88)00)88 
+88)10)88* 
388)0)883 
.888)))888 
+S88))888+ 

*8888888* 

3888888* 

3888883 

38888* 


noiseless 


.  .  <  ++  <  .  . ++  <  < 

, ++++< .  . ++<  < 

.  .+***•*  ...++<. 

.•333**<,  ..  <<<. 

+  33338*+.  ...  . <  < .  . 

+388888*+ . <  .  .  .  . 

.  388888683 . . <  . < .  .  . 

*8888888S3< . 

.  .+8S))88888*. .  .. 

3)1))8))88< . 

.  .  .  +)11)))))S* 

.  .<8aai)))883 

.  +8aia)))88*< 

.  .+3iai)))88+< . 

.+*)aia))88++< 

.<**81111)83+++.  ... 

.  .++*801)883*+3+ 

.  <++*888)a883*+3*. 

.  <+++88888833**3* < 

.  <<++383*383*3383+ 
<<<+*8*. +3**3883*.  . 

<  <  <  <+3* . . ++*3888*  < 
<<<<.  +  •<..<  *88883+ 

'  <*88883* 

propagated 


.  . <  ++  < . . <  +++  < .  .  , 

. +**  +  <++<++  <  < 
**3**83++++< . 
•333*888++< < .  .  . 

+38338883*+< . 
<38388888*+< .  .  .  . 

38888)888* < . 
*8888)))88+<  .  . 
.+8S88))))83< . 
3868))1))8+. 
+388))0)88< 

.  .  .  *S8))0))S+.  . 

.  .+88))0))83. 

.  .  88)110)88  <  . 
*8))1108S* 
<88111088*. 

...  .  381011883+ 

...  .+8)01))83*. 

.<3801))88*+ 
<+8)11)8883+ 
<+*8)))a883*< 
<+*388)88883+ 

.  <+++88888883* 

.++++8883883* 

recursion 


C-83 


SET  3  -  600  NODES 
TRAINING 


I <+*3S888S++3*8***883333S8 
1 <  *+SS8SS83+3*3*  +  <  **<  +  <  *83 


I  «8*SS888S8*383S8+33+3*+38 
1  **+8S83388383S88++**3*  *8 
l+*+*38S888S838883**3*++3* 
1  33383S8888SS83 .  *S33*+<  *S-i- 
1 33*388S8S86#88  <  <  83333+  <  S3 
1  3S8S8SI88838SSS*33*88S«++ 
1  «*33*38S8888t8S*38+**8S83 
1  3+3  <  3888888t8S«388+ . +*833 
I  *388S8S$88888888*3**83**S 
1388S3888S8SSS8B$8+*3+<  .  <3 
1  <  *33+*38388SSl88S8833*8*S 
1  +3S338S88#«a88M8S+*3<+*3 
I++**+*+*$8888SSS883*3*+** 


!«<  +  <<<  *88S88S8888888**333 


l++8**88* .388ISHS888S++**. 
1  ««8*<  *  +  <  <  *S8888S8#888833< 


1 ++8S+*++3+38Sa88t8SS*  <** 
1  < <*3< < < <83+888SaHt3**  .++ 
18++++<3*S8«+88t8##83S*<  .+ 


1  *+3+*+***8*3*saaasa*++<+* 
1  33**33* <  +  ***<88S8S$83**a3 


!<+<***+  »*3*+33SSSSaS**83 


.38SS8* 

3S8SSS3 

388888S* 

*S88888S* 

+S88tt888+ 

. 888t##888 
388#n$a83 
+S8»m»8S* 
88fBmta8 
*88$iaKt83 
888bMMB88S  * 
*8»B0M»85 
88#BBm8aS+ 
«88BXIBB$83 
888BBJU188S  ^ 
+888BXK8883 
3888BBS888 • 
88fm#8S* 
+S8$t8#883 
*88888888. 


3S888888+ 

3S88888* 

.388888* 

.38888* 


NOISY 


NOISELESS 


+8SSS83<  < .  . 

< 8888888 <  <  .  .  . 
88888883^ • «  • 

883$$$8S*.. 

*88llS$8S+. 

< 888828888 <  .  . 

8882228883. 
+882222888*.  .  .. 

. <8882222888 < 
*8222222883. 
<8888222888+ 
.*8822228883.. 

. <  8882222888+ . . 

. . . *8882222883. . 

. 8888222888+ ... 

.  .*8882222883..  . 

. 3888228888 <  . 
.888822888*.. 
.*888888883. 
.*88888888. 

.  . 38888888+  . 

...3888888* 

. .+388888* 

.  - +38888* 


-i-888888S3<  .  .  > 
<3888888S3< . . 
*S88$888S+< . 
*881818888+. 

.  +8888888883.- 
.*88888888S+< . . 

+8888828888 . . 

< 38882228883 < .  . 

.«S88222288S< . 
<38882222883<  . 

. +8882222888 < . 

.< 38822222883 < . 

.  .+8882222888 < . 

_ *888222288+ < 

< 3888222888 <  . 

. +888822888 < . 

< *88882888* < 
.* 88888883 <• 
..*8S88888< 
.<*8S88S8< 

. <  *88888+ 

. <  *3883+ 
..+*33< 


PROPAGATION 


RECURSION 


C-84 


SET  5  -  600  NODES 
TRAINING 


*+3++. . <8888S8*3<  < .  +  <  <+3* 
S*3++<3*  +  SI$88S*  +  ****  <+++ 
*3333+* *388SS3* ♦+* 883+*+ < 
*8*8833888SS8S3**  +  *  <+3<  <  « 
**<  *33$S88S88338333+<3+<  + 
+++S33S38888$8S8****<  **++ 
<+<83+83888S#88SS*+*+*3«+ 
8<  +3**  +  S8!I$SSS3S<+3333.  < 
+.  +*338SSBS38838+*+88**8 
<+3*<+*S8388*888S+< .33*** 
3*3***838S888a8S3+< .*<++< 
*+*+S83*88888S3***8*****< 
*33+8*+888888S883*3*383* - 
<3*38++3+8888S888**3**  +  <  < 
*8+*33*8SS888a88833*333** 
38+333*SS883a88SS*SS*  <3*3 
*  *+S833888888B88* . 88++S38 
<  *33a38S88$$888a8**3<+83* 
*88*a+**8888S33388*  <  <  *8++ 
33**8++<S8aSS3383*333*8** 
*+S33+++8SS*8a88S3*8S+S88 
++3*83+*88a*8S883**3a+*+3 
83*33*  <  *3*3SS8S33***8*3+* 
+  **S8***+.+S*****<++++3<  * 


• 8S88S8 • 
+S888fiS-t- 

•saasas* 
saaataas 
saatiaad 
•  saauaas  • 

<  saaHsaas  < 
+aaEBEKas+ 
*aaim#a« 
*atiiiEia* 
*aama[aa* 
•atEKnaa*  * 
*a#EEE][$a« 
•aamiKaa* 
*aaESKsaa  * 
♦aaMmaa* 

+ SdEKEia  s+ 

<  saaiEaas  < 

.  saanaas . 
eaaaaaaa 
saaaaaas 
*sa8aas* 
+sa88as+ 

.8S88S8. 


NOISY 


NOISELESS 


• • •  3S88S3< •  • • . 

....  <  888888  <  <  .  .  . 

*S8888S*  < . .  .  . 
...  3S8a3a83< . . . . 

. . . .  88aaaa88< . . . . 

...  .888iai8S< _ 

... <s88t$aas<  < . . . 
. . .+s8aaaa88+< . . 

- *saaaBH88*< . . 

. .  *saBB2[aaa3< . 

. . *SaBBBBa83< . 

.  . . *SIHHBaa83. .  . 
. . *8iaBBBa88. 
*SIB|BBBS3<  . 
*SaBBBBB83, 
*SaBBBBB83. 

. ..  +SaBBBBa8*. 

.  . .  +88aBBBas*  . 

.  .  .  <88aBBBaS+. . 

.  .  .  .  <88lBBBaS< . . . 

. 3S8IBI88 _ 

.  .  . . . 38888883 ..... 

. *888888* . 

.  .  .  .  .  +888888+ ..... 

PROPAGATED 


.  +++<  < . 

.<<...<•++<.. 

<  <  <  <  <  33*+ . <  < 

<  <  <  < . 383+  <  <  < . 

<++<  <888*++  < . 
<++<+SS83*  +  <  < 

+++*88888*+  <  • . . 
+*+3888888* < .  .. 
<++38888883+.  .. 
<+3S88aa8S*< . . 

<  <388888888+. . 

. . .388888888*. 
.3888888883.  . 

3888888888<  . 
*888888B88< 
+S88BBBB88< . 
<S8BBBB883<. 
<88BBBB883<  < 
<3S8BBB88*< . . 
.3S8BBB88*<  <  < 
.3888B888*  +  <  < . 
.3S8888883*+< . 

. «8S8S88S3*  +  <  < 

. +88838883**++ 

recursion 


C-85 


SETT  6  —  600  -  Nodes 

training 


I 3a8a$8SS8SS8 *S38  *8388*  <  +8 
1338888S8«338+83+. *<+*.+*8 
1338S8S3888S8+S+*<883  .8*8 
1 *+8+888S8+S8*3*8<38*++S8< 
18<3*8l883S#t*8S8<S*<*. *8+ 
IS8a3*8S8*888S8+++3*+3+<  < 

I S3+3*888S88$88S33+++383++ 
lS*<**8H$88S8S83S83+<3*8** 
l  +  .+83388S88S8838*  +  <  <3+3*+ 
!++*3*38888H88S8*+*+.383S8 
l+.  ++888388Sl88*+< < .+*888 
1*  .  **< <++8888888833+3+888 
!  *+<38+<+888at8Sa83* < *  +  *  + 
133<  **<  **88881818833*833.  . 
1SSS8+<33.SI<SISI888  .+*3+ 
!****+++<  8888888888. *833* 
13*+*3388333a3888aaa388+  < 
I8**<  <+33+*388a88l8+*3*8*< 
]<<  +  .<<++. *888888388*  < . *88 
|+<*38<**  < **33Sa8*83< <333 
J*<*8838+  +3888888883**+S 
18+38* .++3+++*  +  **8t883<  <  <  + 
183+. . ***8+<  +  . . <  *8888+<+3. 

1  *88.+83*  +  <+8++8a* .+8*3383 


NOISY 


*8888888* 
+88888888+ 
888888888 
3888888883 
+8888X2888* 
888XEXX888 
*888XXXX883 
688XX1X88S< 
*88XEXXX883 
688XXXK88S+ 
«88XX1[XX883 
688MXXK88S+ 
+S88KKKX883 
38888KX886. 
6888XK88S* 
+888888883 
388888888  < 
38888888* 
.6868868* 
<  8888883 
<  888883 
<3888* 
*•*  + 


NOISELESS 


.  +8S88888*< . 

<88888888* . 

3S88888S8< . 

*S88888883< . 

+888lia88S*< . . . 
.383l$lta8S< . . . 

*S8ai»»iia8< . 

.338l88Kli8*< .  . 

. *88188X8188 < .  . 

. 8881888818 *<  . 

. '8818888188 < . 

. <38I88888«8*< 

. .+S8«8888I88. .  . 

... • 383^888888+ < 

.  ..  <8881888183.  .  . 

.+881188188. 

.  ....  <*8888^888+. 

.  ...  <  3888$8883  < 

...  . <3S8888S3< 

. •  . <3888883< 

.  .  , <  388883  <  . 

.  ...  . <  *8883< . 

.<+*3*<  .. 

...  ...<<< 


.  +388888S8+<  <<<<.... 

<  *88888888+  <  <  < . 

*88888#88*  <  <  <  < 

.  +3S888III8*  <  <  <  .  . 

.  < *S888<$t85+<  .  . 

.+asa$$$$$8*< < . 

<3S8$fXl$$S+< . 
.+88$XXXt$86< .  . 

.  .  <  3S8XXXH^8S+ . 
.+88«XKE8)83<  . 

.  <88tKXXHt8S+. 

.  .*S8KK88$«83< . 

.  .  <  38$8KLiZ$88  <  . 

.  . . . .+sa$E8XKas+< 

..  ..  <*S8IIE8a83<  ... 

.+888IEE$88< 

.  <+8881X188* < 

....  <  *S88^t8S3< . 

.  ...  .<*8888883<. 

.<*888883< 
.<*88883<  . 

.  ..  <<**33*<. 

.  .<<<**+< 


REJCURSION 


PROPAGATED 


C-86 


SET  7  -  600  -  Nbdes 
TRAINING 


•8  <++8++8888888< <3< < .+•< 
38+*< . *3*3SS8I8I8383333*+ 
33383+883S8S8B88S+++*  *3*  * 
+  *8S8*  <+8888S8S8l8+*3*  +  <3 

<  <  *38 ** *8888888818 •* *3*** 
S*++*33*8S8888t8H8*+. «**3 

*  <  +  *+333*888S388H8*  +  <  .  <  <8 
+*+3++. . •8t8S8S3S*< .+<<+3 
8S*3++<38*8B8ai883* •**<++ 
3*3333+*388$SS833**883+*+ 
+  *8*8833S8SS88S333+*  <+3<  < 

<  »*  <  *33S8S8S8838SS33+<3+< 
<+++$3388888818883*** <  **  + 
+<+<83+83S88S$88SS*+*+*3< 
88<  +3**+S8BSSSS3S<+3333. 
++.  +*333SSB833333+*+88** 
*< +3* <+*83388 *8888+ < .33** 
S3*3** *8+38888888 *  +  < . *  <++ 
8*+*+883< 338888 *++*8***** 
8*33+8*+3*388883*+*3*383* 
3<3*38++* . *88883*3* *3* *+< 
+ *8+* 33 ***83 *88 *+833*333* 
•38+333*3388+*8338*88*<3* 

•  *  *+88333+ *88888 *+ .88++S3 


388$#883 
88t88t88 
88tt##88 
<  888BB888  ^ 
+88811888+ 


8 
8 

*88111188 
*88111188 
*8810188 
*880088 
*880088 
* 880088 
+S3B0188+ 
+S88088S+ 
.  S88088S . 
88888888 
88888888 
38888883 
*888888* 

<  888888  ^ 
388883 
+8888+  ' 
•88* 


NOISY 


NOISELESS 


. 88888883. ... 

. <88888888< . . . 

. <  $8III888<  < . . 

•  .  « • .+$888^888+^ . . 

. +S8$BB$8S* . . 

.  .  .*SI$BB$8S* . 

.  . .38$B$I$8S*. . . 

.  .38II##I8S*. . 

. 388BBBI$8*..  . 

<38BBBBI8S* .  . 

.  .  <38BBBB<8S*. 

. . <38BBBBI8S* .  .  . 
< < <38IIBI88S*  .  . 

.  <  <  .  *8I$II888+  . . 

.  <  <  <  «S8$$$888+  . 

< . <  <  +88888888  < . 

.  .  .  <  <  <88188888. . . . 
,<<,<<  <88888883. .  . . 
«,.<<<  3888888* ...  . 
....<<  *888888+ . . . 

. . < . . < +888888 < . . . 

. 388883 

. *8883+ 

. <3883 

PROPAGATED 


.  .<<<<.  .+3888883<  <  •  <  . 

.<<<<.< 38888883< << <  .  . 

<  <  <  <  <  +38888883  < . < .  . 

.  <+< < < *888$8883+< < . 

<  <  +  <  <388888883+< . 

. <  <  <  <  388888888+ . 

. <  <+888888888*  .... 

. <+*S88B88888+  . 

•  .  <  388BOB883+ . 

. +388BBBB888 < . 

.  +  *881811888  < . 

.  .+388BB088*<  .  .  • 

<  +388810883  < 

..  <*88880888 <  . 

<  < .+888888888+ 

<  < • +  *88888888 < . 

.,<<<<  +88888888  < . 
,<<<<<<  88888883  < . 

<<<•<<  *888888*  < . . 

.  <<<<«<+*38883*<.. 
<..<.<<<  *3888+ <  <  . 

.  <<<<,.. <+*383. <  <  .  . 

. <  <  <  ..<<+**+ . 

....  ..<<  ++ .  ...  . 

RBCURSIC3N 


C-87 


SET  8  -  600  -  Nodes 

training 


1 +33*8+3+++*3S8a8aSISS8+<+ 
!+*»*+<*+*  <+S8H8S3S**+. <* 
1 <3*8*3+. +**8S8<SS88t*  .8* 
1 <*+3.33*<  < .8838Sa3S8*++S3 
133<3<*3*<  <3883ll88a3<*.*8 
I *8333. *+. <SS8SSS838*+*<  < « 
1 *83<3<+*33S888a88S*++*3*+ 
1 38*  <  +  *388838S888883+<3*3+ 
1 <  +  . <33+*383SS88383+<  <3+3* 
1 . <+*3+3833S8S8SS*<+< .*33S 
I.+.  <+8l83SS88S8< . < < .+*8S 
13*  . *3*33*S88838<+*3+*+88 
I  +++ . 3283388888** .+++<  +  <* 
l3**<38388S888883<+<*+3*3. 
122828838838188883***  .++3 
1 +  ** *38223*2228+ <  *  +  *+.+8** 

1  .3*+888tl8832< ****++*33+ 
188*3**8888888323+3+. <**3* 
l  +  <  <  **3388+883833+ <  +  *<<  .*8 
I +  <  <328*88 <  <  +  **  +  *3+.  +  <  <  <  ** 

I ++<31188*.  <*83333*333+++ 
123+888+3+*<+++++<*23**<  <  < 
1383*<+3+*8+<+. . <*88+3+<+3 
l+*83.+33* < <+8++83+  <8*332 


*2888882* 

+88888888+ 

888888888 

3888888883 

«288m88S+ 

888im888 

388«m888* 

<  288ina888 


( >  >  t 


+288IU2888 

388KmE88* 

+288100888 

3881111882+ 

. 8881118883 
*288118888 
388888882+ 
<888888823 
*28888823 
*2888828  * 
3288828  < 

382223  < 

*8883< 

+  **• 

<  . 


NOISY 


NOISELESS 


,  .....  .. 32288828*  . . 

. +88888828+  . 

.  ........  .828888823.  . 

. 3288188823. 

. *281111888+.  . 

. 88a^^^^883. . • . 

..3281111882* . 

.  <d8at8ll888. .  .  . 

.  ..  .  38811211823..  .  . 

*2882212188 . 

. . . .  . 88882222^8* .... 

.  .  .+8888222988. . • 

. . . 

. . .888$$llt88< < .  .  .  . 

*8888l$$a2< < . . 

. 328888882*  <<<.  ...  . 

...<828888883<<<...  .  . 

. +82888888 .<<<...  .  . 

.  *8288828< . . < . 

•  .  *8SSSS8+<  <.<.....  .  . 

.  *88283+ ..<<.<••..  •• 

.  *383*  <....<<<  ...  •«» 

+  *** _ ...<< 


PROPAGATED 


.  ...  <<.38882228* 

...  . <  <  *82228888+ 

.  .  .  .  . <  <  SS8888828 .  . 

. <88888888S3< 

.  .  . *288888882* < 
.8888888888+< .  . 
32888288883< <  .  . 
<82882228BS<< 

.  .  32882228883 < < 

<6882222882. <  . 

.  .  .  . +2881222886 . < . . 

.  <*888222288<  .  . 
+3888822888 < .  .  . 

. .  .*388888888+< .  . 
+328888888*+. 
*3S888888S*< . . 
.3SS88888S+<  <  ^ 

. <3S88888S++< . . 
+8888888*+<  <  .  . 

.  .  *8888883++< . . 

*8S88S3<  <  < . . . 

.  *88S33+<<<.  . 

*333+++<  <  .  .  .  . 
<++<<++< . 

REJCURSION 


C-88 


SET  9  -  600  -  Nodes 
NCN-TRAINING 


<.  *38S3**8+. < < < * <++88*+3 
<+*3**8S*.3<  <*83+«.3**++ 
*+*388833*3* *33*++ < .*<+<< 
+  <  +  *888383*3*+. . <  *8+*+++. 
+•3388883388*+ <+++3* *3**. 
<3*88888+3883*++*  +  *3*++<  < 
*8+*88888S8*83<+8*3**33** 
33+*8888888+*3+*8+88+<  *+3 
* *+888888888888+ ( .88++838 
. **38S88$a$l88S*3**3.+S*+ 
*33*8*88888883**33*  <  < •8+< 
3* **8+33888883*83** *3*8++ 
+<8*3+338883888883*88+888 
+  <  **33+8l88388888**38+*<3 
8*+33*  <38388888883**3+3+* 
+++88++3*<  *833888* <++<  *<  + 
++3***  +  <  +  *8$88888333+<  <++ 
++3+<+<  *388888888*. ***< 
*3****<  <88a8a88388*+3S33 
+3+**+< . < +a8888888838*3<  < 
<+*338< . . **a8a8888888++3+ 
388+. *+3**+883388a88++<8+ 
•33+<*+88+. . +3888a88+*+3< 
<+8* < **3833+8a8838*3<  <  +  *< 


368883  < 

3888888  ^ 

*8888888. 
*88888883 
<888888883 
388888888+ 
*888118888 
• 8881118888 
3881111888+ 
+8881111888 
3881111188* 
+8881111888 
3881111188* 

<  8881111888 
3881111888* 
8881111888 
*888111888+ 
3888888883 
688888888 
+88888888+ 
*8888888* 
*8888883 


NOISY 


noiseless 


^  <  *  *  +  *  *+++  <  <  < . < . 

<  +++**++*  <,..<  +  ...< 

+  *  +  *****+. . <++< . <  < 

.  +33**883++. **  +  <.<<  . 
<+33*8S3*****++<  <  .  .  . 

.  <*336S3838*33+<  .  . 
+*338888888*3++... 

. *338S8888S88+<  < 
<+*3888aa8883*< .  . 

.  <  +  * 3811188 883 <  . 

< ++8881118888 < 

.  . <  < 8881111888 < 

. .+3881111888. . . 
+3881111188.. 

.  .  .<*88881118*.. 

..  ,.+88888118*+  .... 

. <388881883+.. 

. 38888888+*..  .. 

....<<  .+3S888S8+++.  . 
...<..  <*888838* <  + 
..<<<.. <33+883**+. 

.  <<<<+<,.<<<+3**++.. 

.<<<<...  .  <  <  +++  < . 


PPDPAGATED 


.  +8888SS3*  <<...<.... 
<  3S888SS3*  <...<.... 
388888888  <<<<<.... 
*888888888+ <  <<.... 

+8S88888883<  < . 

.3S888$ll«8+<< . . 
+888$$$tl8S< < < .  . 
.388tail#l83< .  . 
.*8881111$88< .  . 
.88#$I111I8*.  . 
.*8811111866. . 

. <  8881111188+  < 

.  ..*8881118883.. 

.  . . . <8888aaa888< . 

. +888881888*. 

...  .*888888883.. 

.  < 388888888 <. 

. <36888888* . 

....  <  <  3888888* . 

. <*688883. 

. <* 38833 < 

.  .<*333*< 

_  ..+***< 

•  ••• 


II 


I 

1 


1 


REX:URSION 


C-89 


SET  10  -  600  -  tfodes 
TRAINING 


**Z**+**<+SSBSZ+*+**<*SZZ 
<8*-t-*33S8S8883S333**386-<-. 
883* <  <+3888888#8*8*. +3383 
«+<  +  <  <  <  *3*888t88*++3<  <  <38 
+++*38<  *8*8888888* . *+++33 
**+*88883**88188883388**+ 
88*88* .+88888888+*S333+++ 
383* . <  *38888S333388*8++*8 

*  *88 . +88888888888* . +83388 
3333< +  *888888888* <  <*333** 
*883+88888881l88*+3+*3*3* 
888+ . 3818888883*  *  <83+*+++ 
*+<+8888888888838*8S<+*38 
+  *  <  388 . +88?18S888**8*3*38 
*«8S+*  *3aa888a88<+***«3* 
++8+. <+8888888883  **3**3* 
< .3+3. < 8818888888+ *+38886 
+*+  *< . *8188868883+ *388*8 

•  *+*  *+-|.+3l#S8888a+ .  8888  <  8 
<  +*8++33888888868*  <  *88888 
<+***8388**8888838888883* 
«88+*3  +88888883 <++33*88* 
+33++83*3888388*38388*88+ 
++  • < 883888888833  383+ <++ 

NOISY 


*88883 . 

< 388888 < .  ... 

.  . .  +888888+ .  .  .  • 
3888888* . .  .  . 

....  38888883 . 

...  . 88888888 ....... 

.  .  .  <888t$888 . 

.  .  .+888II888+.  .  . 

- +88881188*. . . 

..*88811188*..  . 

. .*88888888*.  . 
...3888118883.  . 

..3888818883.  .  . 

.  .388181888*.  . 

.  38811188S*. 
*88111188*. 
*88111188* 

. . .  +88111188+  .  . 

.  . .  +88111188+ . 

•  .  .  .  <  88811188  < . . 

. 88881888 _ 

. 38888888 . 

.  . . . . 38888883 ..... 
. +888888* . 


propagated 


+8SS8+ 

388883 
<  888888  < 
*888888* 
38888883 
88818888 
88888886 
.88811888. 
+88811888+ 
+88111188+ 
*88111188* 
*88111188* 
*88111188* 
*88111188* 
*88111188* 
*88111188* 
*88111188* 
*88111188* 
+S8811888+ 
<  S881188S  < 
88888888 
88888888 
38888883 

NOISELESS 


.  ++<  5  . 

.<..•.  <++<.. 

c  *  *  *  < 

.  <  < . . . •3+< .... 

<  <  < . .33*+. < . . 

.+< . <83*++< . <  <.  .  . 

<  <  <  <33*83+<  <  ... 

<+<+*3SS83+< . . . <  . 

<  <  <+*38S8S*  < . . < . 

.  < .+*8S88S6+<  <  < 

< .+8S8888S3+< . 

. . +888888883 < . 
.*888888888< 
*S88888888< 
*888888188.  .  . 
+888881188. 
+88111188*..  . 
<88111188*..  .  . 
+88111188+. . . 
<88111188+. . . 
.68811888*+. . . 

.  . .888888883*< < . 

.... <888888883*+. . 

...<. *88888888 **+< 

RBCUPSIOJ 


C-90 


SET  11  -  600  -  Nodes 
TRAINING 


+.  +*3833*8+. <<< ••33SS3+8 
<+3*<+38+.8<  +3S88*+S3*** 
3*3***8+++8**388883+8«  +  < « 
*<+<S83<++*3* •+•88888* •+. 
•33+8*+3++8838388S8S883* . 
<3*38++*  <33888888888++ «< 
•8+*33* • • •++88881888833* • 
38+333*8338+38888818+ « 3*3 
*  *+88333+*888l888*88++S38 

<  *338388888888888888 . +83* 
*88*8+*+83888888888« « *8+« 
33* *8<+< 8888888888833*8** 
++833++*8883888l88*88+888 
++3*83  <  82883888883*38+*  <  3 
83*38**8888888888***8*3+* 
+  * *88+888+3833888 <  <++<3«* 
+  *3**88a888H88883+*8+«  «** 
+*8++88++888888++*  *  * . *3*  < 
33** 388+8888828 < .33++3883 
*3**888388888S+333**8*3«  < 

<  *33883338888+*3*8388++3* 
3883*888888S8+<  *3883. ++S* 
*883*88888+<  <++*38*3. *+8+ 
<*88*88888S*888*<3. <  <**< 


«  «  * 

<  3888 
<388883 
<8888883 
.8888888* 
38888888* 
388888888 < 
+888888883 
8888a88S* 
388820888 . 
+888220883 
888220888+ 
*862220883 
88822  0888+ 
*882220883 
888220888  < 
*888220883 
888220888 
+88820888* 
3888888883 
888888888 
+88888888+ 

*8888888* 

3888888* 


NOISY 


NOISELESS 


•  < . *33*.  . 

..  ....  ,<  38883 

.  .  ....  +8SSSS3  .  • 

...  ..... <8888883. 

.... <88888883. . . . 
I  .  .  .  . .88888888* 

! . 388IIII88<  .  . 

..3881181888  ... 

. <881111188*. 

. 888H2$t888< 

. <*8822228883. 

. 8882222888+ 

.  ...38882228888  .  .. 

- 8882222288+  . 

...38882222883 

. 888208888+  _ 

.  .  .  38822  08883 

..8822222888.  .  .. 

...*882222888*. 

.3888222888.  .  . 

.  .888822886 _ 

*88888888+.  ... 

*8888888*..  . 

3S8888S3 ..... 


++<  < 

'  ,  I  , 

.  **+< 

. +  . 

.  ..***< 

.  <  <  <  .  + .  . 

. <  < .+•*< 

. 

<<<<.*+<. 

<+< .+*+< 

. 

<+<<<**<< 

<  <  *+ . +3+  < 

+< <+83+88***. <*< •  • 

< *<383S88S**< <++ 

.  <*+8888888S*< <*< 

< 8888882883 <  +. 
<8888888888<  + 

. . .3688828888<  . 

.  .*828888888+.  .  .. 
..<822  0  8883+.  . 
.<+82220883+ 

..  .+82208883 <  .  . 

.  <+*82088883.  < . 

. < *382828883< . . <  .  . 

.  < *38288888* <  <  < .  . 
.+*38288883<  < . <  .  . 
<+*3888*8S< . < < < < < 

+* *33883++ < .<++<<. 

. .«**++«  . 


. <+**+888. 


. <8**++< 


PROPAGATED  > 


RECURSION 


C-91 


*  + 


SET  12  '  600  -  Nodes 
training 


I  +8asai+3688S838*8't-++338*8 
1388883<#aSSS8**+3+3. <+3*8 
l3*3*3++8888»SS33+«**«**+S 
l+38833SS|88888<83*-i-<  *3<3 
I<<3S88888888383383<  .•i-88<8 
I  <  .  f8SS38t88W88+*  +  <  3*3*+ 
1<*  *38888S8*8S83+**+*»833 
\**  3«++3888K88SS8S83<-f-t-i-« 
1*< .3*+*SS8S88S883+<+<*+** 
l3<-(-3**-fS888SS88SS3<  <-»-8+3'(' 
1 8*3838888*388388883 . • »+8* 
I 3< •< ••*•8888338883+  +*<<< 
l*.  +  <+3*<  < 888888883* ••333< 

1 333++S83 . 3888888888333+3* 
l+33< .*3888888118888+38888 
1 3*  +  <  *  *  +  *83388888883+*  *33* 
1 3+ «  <3**++^  <8888888888+3^3 
i 83+  <  33 *  *  38888833888883888 
1 33++38333* • <  <3*3388*88883 
1 *3*3*+*+<  <+++*88388+**3*+ 
1 *3*3*  +  <  +  . .**<  *88888+ <+383 
I <  ***3**8+388*38*+33S3++*+ 
1.  .  +38* <+383+. < *3883<+. . 

I ++S8838833+*88 , +833*++8** 


+6888888* 

<88888888+ 

388888888 < 
*888818883 
<888111888* 
3881111888  < 
+8881H1883 
8881111888+ 
•8881111888 
8881111188* 
+8881111888 
3881111888* 

<  8881H1888 
•888111888+ 
6888118883 
<888888888 
*88888888+ 
38888888* 
38888883 
•  3888883 
.388883. 
.*888* 
+  *•  + 

.  <  . 


NOISY 


NOISELESS 


.  <388888883 . 

<+8ai#aa88« . 

. <88liai888< . 

.  <3881118183 . .  .. 

.  <+S8l8||888* . 

. . . <a8|HtE$888< . 

••  .< •8111111883. . 

.  .  •<8811111888+. 

•  .  <3Stllll$888. 
..<8811111888*  .  . 

•  .  .< *8811111188 . 

. a8lll$$|a8*. .  . 

. +8811111188 . 

. 3881111188+  .. 

. 88$I11I883 _ 

•  .  .  .+S8#11E|88 . 

...  . .388811888+ 

.  ..38881888*.. 

...  . < . 88888883. 

•  •  .  <  <  <8888883. .  . 

....  <  <+888883  .  .  . 

...  <  <  <3888*< .  . 

. . <  <  <  *33+.  . . 

..<<<<<. 


+38888883 . . 

<  38888888*  < . . < .  •  • 

*88888888+< ... 

+388181888+ . 

.  <3S8$8a$|88< .  .  . 
.+8S8$$#t8S« . . . 

.  .  . <3888llt888+. . 

<888118885* < .  . 

,  . . <3888818888< < 

.+8881118883+  . 

. <3881111888+. 

. .+8811118883 < 

.  .  <388111888S< . 

. . < .+888181188* . 

.  <• 881811883 <  .. 

...  +888181888 < 

. +88811888* < 

...  <+888888S8< • 

.<»S8888S3< 

<  <3888S83< 

, <+388833 < 

...  . . <  +3333+  < • 

1  ’  !  ..<+++**+. 

[  ....<•<.. 


PROPAGATED 


RECURSION 


C-92 


SET  13  ■”  600  ”•  Nodes 

non-training 


«*+*  .  3+-f»Sa+388»++38a833* 
+  <  *3*8+  <  388S»3*83*+3*3S8S 
+383833*8888K&8SS336*883S 
+3*  <3»3888Sin[S3*3883*3+3 
.38**+*3»33888$83S8333»3» 
« +33*  *38Sf  jB8S®»883*33*  *8* 
8**3*3*38S88«S*S8+*83+<  «  + 
3++*+33388SSa$8*+«3S8*3*< 
++3*+<  *S88#88SS3S*  <  38*883 
3++<  *+38888888888* *88** <  * 
8  *383  *+338S8888SS8*  *  *  *3* « 
3*38**+38388888S8S*+*83«+ 
8. <+++<*83SSS*8S83»a*3a+3 
5. +38*  *  *883888888*  *8**S88 
S.*88+*+88a3<S8S3<*38*+** 
3++38++ . *8a3*$$S833*8+ . * < 
38*8S*+.8S3S8S3338+<8+  +3 
•  *  *888+ . S88SaSS8a+++3*  *33 
« 8*333+ . 8888S88S3 < *+*3*+ . 
38+*+33+a88aa8a3+3++38**+ 
<++8+. . .8$38SS8*+*  <338*+ 
,*8**<.  .+*88a883****+<83< 
88+*  < . .++3883883*3333. <  *  + 
:  *833****3*88388333++8*3S8 

NOISY 


38888888 

38888888 

88888888< 

8880888+ 

<8880188* 

<880088* 

+88X8801883 

+8800883 

*88X0X883 

*881X0883 

+88XX0883 

+S8XX0883 

+880XX883 

<888X088* 

.8880888* 

8880888+ 

88888888. 

38888888 

+888888* 

888888+ 

*88883 

+8888* 

*383< 

NOISELESS 


+  ***< . 

*383*  + < 

388888 *<  .... 
3SSSS8S* .... 
•S88888S+.  .  . 
+S8888I88< . . 
888818888. . . 
•8888lt#83. . 
.+S88$Ktl8S+. 
888$$$aia8. . 
*88II#8||S3. 

- <888BBHa$8S« . .  . 
■  .  *88IBB$|883. 

.  .  .e8$BBBB$aS+  . 

.  .  38#<BBBB883 
.  <S84BBBB886<  . 
•  .38$E0B«SS*.  . 

. <68BBBBE888. . 

.  .  +«fHiraB886* 

. <38BBBI88S3 

<  <  <S8BB$88S8< 

<  <  <  *88818888* 

. <  « <  388888883 
. <  <  <  <  38888883 


+8888883*  < . 

<  88888883+ .....  . 
388888863<  .  .  .  .'  . 

•8888888S3< . 

+888111888* _ 

.3888881886. .  .  . 

*8888888883 _ 

<888880888+.  .  . 
.*S88BB0883.  .  . 

<aa88BB088*.  . 

.  *868880868 .  . 

.  <8888BB08S+<  . 

. .  *88800888. 

. . . <  388BBBBB88  <  < 

.  ..  +688BB0883. 

..  .*88880886. 
<388888888+. 
...  <888888883. 

<<88888883. 

. +8888888 < 
.< 888888 < 

.  .  « <  38883  <  ' 

.<<*33*< 

...<++< 


PROPAGATED 


rejcursicn 


C-93 


SEJT  14  —  600t'  Nodes 

non-training 


I+8368S  <-i>3*3SS8S8888S38*8 
13883*+  S3**8SSS8aS«**+3*a 
13*33+  •3*+saaaas3SS3**+s 
1+388* <++83*SSa8aaa83  *3<3 
1  *  <  3S3+++ * 88888S8a83++88 ^ 8 
1  < .+8S3<*8Sa$#a88a8*.3*8** 
1  <  *  «3S+3838#8S8SSS8+*3833 
l**.3**.+SS8H88888a83<+*+* 
13<  <3*++8S8Sa8S$a83++< *+33 
I  3++8*  *  *S888SS88$S*  +  < •8*3* 
lS*3838aS833883868S3<«*+8* 
13<  *<  * *8888883388+ <  < .  +  *++< 

1  *  <*^<+88338888388+^  ^  *3338< 
1333++8aa3888888*+3**33*3* 
!  +33<  +88E$#E$$88*  <  33 . 38888 
!3*+<8888$88S88*+**< .**33* 
!  3«  <  <  888888388+*338833+3<  3 
I83++88888#E#**<  <+33+*388S 
I  33+38888888  «<  +  <<<««. 38883 
1  *3*88a8833*++»38< . <  *33+ 
l33*88833++**+*8838+.  +383 
1  +*  *88888*388*38* . ++3++**+ 

1 _ 3883<*383*<<***8*<  +  «< 

1  +*88888833*  *88 . +83*+++8*  * 


+88888883 
.888$t888* 
388IM888< 
*88#m883 
+888EEE88S* 
888EEEE888 
*  S88EEEE883 
» 888EEEE888  < 
38$EEEEE$83 
<  88#EEEE888  < 
388EEEEE8a3 
• 888EEEE888 • 
«S88EEEI88* 
88$EEE8#88 
+888EE8888  < 
388$#t#88* 
888888883 
+88888888 
*8888888 < 

*888888+ 

*88888+ 

*3883< 

+  ***. 

<  . 


NOISY 


NOISELESS 


.  . +8888883*  <<<<<...<  .  . 
.< 38888*83+< <<<...  <  ... 
.•3SS88S883<<<<..*<  . 

<  < 3S8838S88 *  *  +  < .....  .  . 
.  <+8888888883+< ....<.. 

. . <  <  8881888388*+ . 

..  .+3888I<I8888+ . 

.  < <88IIEEI8S83< . . 

. ++388EEEE$888 < ... 
.+<38IEEEE$883. . 

+ < +8$EEEE$888 . 

.  < < . 88EEEEE$88+ .  .  . 

. . . 

. . . <  ^888EEEE883< 

. + < 88$EEEE8*+ . 

.  .  <..  .+388$EE|88* . 

.  ++88$IEI88*< 

..<.,  ++*8888188++.  .. 
.  <  .  .  . <  *+8881888+ . 

. . 

...  .  ++<  *88888* 

.  . <  <  <  +  *888*  < 

.  . <  <  <  <  *33* 

.  < . . <  +++ 

PROPAGATED 


+88888883  <.. ....... 

<  38888888*  < . . .  . 

*88888888+ . 

+888888888 < .... 
<3888888883< ... 
.+888l$t888< . .  . 
<8888$E8888< . . 
.+888EE$888*< .  . 

.  .  <888I8EE$88< .  . 

.*88IEEE|I6*<  . 

. +888EEEE888 < . 

. . *88EEEEt883< 

. . <88IEEE$$88< . 

. *88|E8EEI8+. 

.  ...  <388$IEE$83<  . 
..  .+888I8E$88< 

.  <+8888E$88*< 

<*888$8883<. 
. <  *8888883< 

.  .  . <3888883< 

.  <+388833< 

.  ..  <+3333*<. 

.<<+**+. 


RECURSION 


C-9A 


SET  15  —  600  —  Ncxies 
TRAINING 


13*+Sfi3*< <++<  *3883338+. <+ 
188*8$S8+3*<*3*++38*«8+.+3 
1 ***8888*883*3*338++*83*88 
I <8*8888*883+*+S83+*+*83*< 
1 3S+83888EK888*8*  *3++883*+ 
1 +++883* *1838338* *•  +338*+ 
J  38333*  <  3888l3*3833*3+<88+ 
1 88  *  *  *  *  *88888883838333 . <  3* 
1 388388888888888883**83388 
1 8838888888888888888888338 
I83«3**8888888883*+3+83*<< 

1 ++*  *+ . 8888888883*  <  3*8* *+< 

1 . <  3*3+888888*8888+83* . *+* 

I <  *3+3688888888888888+. *3* 
1+S8+*3*S88*88888383<  <**83 
1+3*+* *38888881*888+  .*<<+ 

1  *883*3**8888888888* <*8833 
1  *888+3* <  <38888888* <++3883 
1**88**.. *88888888+3888888 
18*+83*++8888888883883883* 

1  3*+3*+3338+8888#8338333+* 
133<  **+38**8t88388888333+< 
188*333388+*888388M8+<+*+ 

1 3*+3S8++*  <  +*883888888*888 

NOISY 


•  . +333  <  < . 

.*8883*< . 

. *88888* <... . 

.  3888888*  < ...  .  . , 

•88a8l88*< . . . 

+8888E$88< ...  .  .  . 

.888IKBI88< . . 
3881***183 <. 
.+8818***18*.. 
88$*8**E88< . 

381 $**8*183. 

. <88$*EE*$88< . . 

.  .  .38$*E*E$$83. . . 

. . < 88$EEBE*88+ . . . 

..  38$*EE*E888 . 

...  <88$E*E*$8S+  ... 
...  . 38$EE**$888 . . 

***  ..88$ 8***8 8 8  < . 

. .+S8****$883. 

•  •  . .38$$*$$888. 

. . .88$$$$88S+ 

. . .+88$$88883. 

.... *88888888 
.... *8888888 

PROPAGATED 


+***. 

*3883 < 

*88888+ 

*888888+ 

+88888888 

888$$$883 

388$$$$88* 

+88$a$$88< 

88$*a$$88 

*88$***$88* 

. 8a$****$88 . 

38$***0$83 
<  88$****$88  < 
38$*****$83 
.88$****$88< 
*8a$***ga83 
88$****$ 88 
+88$***$8S  * 
*88$$*$883 
388$$$688< 

.88a$$888* 

+88888883 

*8888883 

NOISELESS 


.  +8S88888*< . 

<88888888*  < . 

3S86$8886< . 

*S88$88888< . 

+888$$$$883< . . . 
.388$$$$$8S< < . . 
*S8$$$*$$88< . . .  . 

.888$***$$8*< .  . 
.*S8$**88$88< .  . 

.88$$****$8*.  . 
.*S8$****$88< . 

. <38$B**88$8*< . 

. .+S8$****$88< .  . 

•  .  . • 388 $****8 8+ < 

.  ..  <888$***$83<  .  . 

..  .+88$$**$88.  . 

.  ...  <*888$$$8S+. 

...  <3888$88S3< . 

...  . <  3S8888S3  < 

. <  3888888  < 

.  . <  368883  < 

.  ...  . <  *8883<  . 

..  ..+33*< 


RECURSION 


C-95 


SET  16  —  600  —  Nodes 
Non-TRAINING 


13*+<+*+*8838S83+*+< . **33* 
13+ . <3*+++**«S38338833+3< • 
1 83+  <  3*  *  *38ia[SS*++33+*3a8S 
1  33++3833888838*  *  <  ++ . *8883 
j***3*+*++38S8S88<*‘. «•••+ 
1  *3*3*  +  <++*SS8SE#38+.  +3S3 

j  <  ***3**838BaS8B8<++3+++*+ 

1.  .  +38*«S8$8S*»3**a+<+. . 
l++83638aS8S«88*3S3*+<+a*+ 
1 333*  *  < • »88«88«3333*+*  *8*  < 

1  *  +  «36<  *3S888K88#8888<  <88+ 
1  **  +  <3<*8838888*888Sa< .+3. 
J  +3+  <  ++*88888888*8* •33<  +++ 
1  *8++3a*883Saa88a< . •3++3<  + 
1 63+ < +  *+888888*88 <  <  <333**3 
l88*+**3Sa88a8833***8<< .*• 
18<  <++<+83833a88****S*+*a3 
13**<<.  a83S8S*83<+*88++<* 
!**<<+.  *88888883*. <83+**+ 
I  <++++. 8SS8388*838*+8333** 
188*33+888838888883+.  *3+8 
'83+888*88388*888  <33*** *3 
S33aa3+38388aa883*+*+< .++ 
8S88*8*38a88++3883*83++3* 


+8888* 
*88883 
888888+ 
+888888* 
•8888883 
38811888 
88I$8888. 
88$**888+ 
,88IIX888« 
<S8»***88* 
+88*S**883 
+S»*«**883 
+88*K**883 
«8$X*XXt83 
«8#S*XK#83 
+8»*g**883 
+88*X*S883 
<  S8*ZKX88* 
<S88SX*88* 
888IXt8S+ 
8888888S< 
38888888 
38888888 
+8888883 


NOISY 


NOISELESS 


.  +++  < . , . <  +++  < . . 
,+***<  +  <  <  <++< . . 
*33**3*+<++< . 
*333*883++  <  + . 
+38338883*  +  <  < 

< 38888888*  +  <  < 
388Sa888S+< . 
*8S6888888+<  . 

. +8888*8 8 883 <  . 
388888*888+. 
+88a88**883< 

. <3888***888+. 

.  .*888***8883. 

.  .. .888****866 <  . 

. .  3888****88* 

..  <88*2**888*.  . 
...  . 38****8883+  . 

...  .+88***8883*. 

..  . <38***8888* < 

<+88***8883+ 
<++88**8883*. 
<++38888888*+ 
..  .<++88888863* 

. .  . <+++8888883* 


propagated 


.  +38883* <<... 
<8SS8S83<  < . 
88888883 < . . 
3S88838S«< . 
*88888886+ . . 

< 8888*8863 < 
888888888*. 
*88882*888+. 

. <6688**8886< 
•88888*888* . 
<8888*8*888+ 
.*68**a*8883. . 

.  .  <688888*888+. . 

.  .  .*8888*8*883.. 

<8888***888< . . 
.*S88****8S«  . 
<8888888888.. 
<  S88888888+ . 
.3888*88883. 
.+888*88883. 
.. +88888888 < 
•  •  ... <+8888886+ 
. .  <*888888* 
•  - <*38883* 

BBCURSION 


C-96 


SET  17  -  600  -  Nodes 
NQN-TFAINING 


I  3*+88++<  <++<  *388SS8l->-.  <  + 
i88»883+.**<*3«<+S88«8+.+3 
1  *  *  *SS8+ . 8«3*3*388888«3*88 
1 < 8*838+. 8S»+*+aa88S8883»« 
1 3S+3+38+aa*388aSSa88a83*+ 
J+++S+< . . S3+38a#SSS+3S38*+ 
I 3S33+ .  « ++3a8saaaas8* < 88+ 
i86**<  < .+«3888a8aaaas3. <3* 
I 3S83*  «  *  «3«sasx##aa8883388 
1 8S3S8+++*3388#B8X#8SSS338 
183*3* < +«38a$aafla88S+8** <  < 
!++**+  ++8aaaaai8S3s*8**+< 

! . <  3+3+*388aSBa8SS3a3* . *  +  * 

1 <  *3+3888888888188888+. *3* 
!+S8+*38SSIld8aaS3*3<  <»*83 
l+3*+**S888888K#833+  .*<.+ 
i  *SS3*8SSa8888888*+<  <  *8833 
1  *888+88338888833+  ++3883 
1**3838**8X88888*+  <388888 
1 8*+8S8888X88883*+ . +*  *883* 

I  3 *+388888X888888+ <  <3*33+* 
33<  *8888888X8* <3+333*33+< 
88*S8S8888888+<**8S*. <+*+ 
3*+88B88833*83<  *38888*888 

NOISY 


+  *•  + 
.*888* 
.388883. 
.3888883 
38888883 
38888888* 
*88888888+ 
<888888888 
8888XX8883 
*888XXX888+ 

<  S88XXXX886 
388XXXX8aS* 
■(.S88KXXX888 


«888XXXX888 

688XXXX8a8+ 

+888XXBX883 

388XXXX888< 

<888XXX888* 

•8888X8883 

388^88888< 

<88888888+ 

+888>888S* 

*8888883 

NOISELESS 


•  .  ++  <  < 

.<+<+<<  .++<< 

. <  +  *++3 ,  .  +++ . 

.+***+3<.  ...  <++. 

+*3**8*+.  ...  .+<< 
<*33388*+. .< .  .+.. 
.  *33886888  <  <  <  . 

*33888888d+< .  .  .  < 

.  .+3888888883.  .... 

*8X8888888+.  .. 

.  +8BX8888888.  . 

. . <88X88X8888.  . 

< 8X8X888883 < 

.  . < *XXXXX888*+.  . 

.++8X88X888*+. 

. .++8XXXX888*++.  . 

. <  +  *8XXX88883<  *< 
.<+*888X8883++** 

. <++88888883+*3* < 

<  <++3888883+**3*+ 

<  <++*83. *3++*33** . 

<  <  <++88<  <++.+883*  < 

<  <  <  <  <33. . . <+8883*  + 
••<..+**.  <+88883* 

PROPAGftTED  ^ 


.  .  <++« ..*  +  <<. 

.++++<  *•*+<.. 

++*++S8*  +  < .  . 

•  *3*+8S3+<  <  <  . 
+*33*88S3++< . 
<38388888*+< .  ••  • 

•33888888*+ < 
+388888888* < . 
.<3888888888+.  . 
+*88881X88* <  . 

<  +888XXX88S  < . . 

. . <sa8XXXX88*. . 
.8a88XBBX88. 
3aiEKXKB8S<  . 
•888XXXX8S+ 
(888XXBX8S*. 
<S8XBKBK8S*< 
<*88XBX888** 

< *88X8X8883* < 

1  .*3881X8833*+ 

[  *338888833**. 

I  .  . .*3388888333* < 

I  ..  . .*3**3888333*+ 

I  _  +**+<338***3+ 


REJCURSION 


C-97 


SET  18  -  600  -  Nodes 
TRAINING 


g3**« ♦*+*+< .**33*+*+**<*8 
!  +  <  <3»  +  *338833+3<3»33+*388 
!3S38**<  <+33+*388S8*8* .+33 
I  3*#  +  ^  +  <  <  <*» .388838* <+3<  <  * 
j  <++++*38<**. <*33+*8*.*++< 
!..**<  *8888+ .  +3833833333* 
l+3$8*38* .++3++**+*+*S333+ 
]  <  *383* .<***&*<  +  <.< *88*8++ 
133**88. +83*+<+8**88». v8*3 
!+53333+*+3*  +  »*8*  <  *  +  <  <  **33 
!  3+*888*a#a88++88+*++3+*3* 
!  *  <  3883+S>H88<  <  *3<  <  <  <83+*+ 
!  *  +  *+<  38S[aS8S8++++<3*S8<++ 
! 8  <  +*  <  888*3883+3+*  +  * **8*3* 
18* **8838+38888**33* <+**•< 
l53++8**3888a33< «**+  **3*+ 
!++< .3*S*38818888888+*+38a 
1*<H*+  83*881888* *883< *388 
[ *^**+#838381888S*+3+.8888 
1 3+  <  +  *  S+3888188888  *  *  *  <  *888 
1  *  * <+*«  *88883388888*888888 
{  *+*ss4-*S<8a8888883<++33+8 
I  *  <+33++8SS888S3S8388388*8 
J3*++  . <388888888888.383+^ 


.  +  < 

+33*  < 

*8883+ 

388888+ 

3888888+ 
*8888888+ 
+88888888 . 
.888888883 
388888888* 
«888111888« 
8881111888 
3881111888* 

<  S881111888 . 
3881im883 
< 8881111888 < 


NOISY 


NOISELESS 


< . 


*  . +++ .......  ...  ... 

. . *333+ . 

.*8888* . 

.  .  3SS8S8* . . .  .  < . 

.....  3S8888S*  ...<.  .... 

. . . 

. . .+88888888.  .  < . 

.  ..<888888883.... 

. . .388818888* . 

- *888888888+ . 

. 6888888886. . . 

. 38888888883 . 

. +8888888888< _ 

. 38888881883..  .. 

. . 6888881188+ < .  . 

PROPAGATED 


<<<<<*+. 

.<<<<.*+.  .  < 

<<<<<3+<  .... 

<  ++  <  +3+  < .  <  .  .  . 

.++++•+<+< 

<+++++•*+«.  .< 

*  +  <  +  <  *3* *  +  < . .  < . 

•  .+<<<* *86*+ <.<< .  .  . 
+. <333333**< < . 

•  < • <  388868833+ .  . 

. . *866886888<  .  . 

.  *888888888< 
*888888888« 
+888881886 <. 
+£8111118+ <  .  . 
+88111118+ . < 
+88811118*< . < 

< 881111883 < . < 

< 8881181863 <  < . 
.<8888888888++. 

*  < 88888888883 <  < 

<..<< 38888688888* < 

FEJOJRSION 


C-98 


SET  19  -  600  -  Nbdes 
NCN-TRAINING 


<<.  +»333**8< . < < < *<++88*+ 
*<+»+<< *3+ . 3<  <*83+<.3**+ 
f:*  +  ****3+++3**33*++<  *<  +  < 
eH-<  +  <S3*<++*3*+.  .  <*8+*+++ 
i  S-i-*3+3++*+<33*  +  <  <++3**3** 
!3<***8+++  <**3+++*++**++. 

!  <  *8++*3**»*< .33 <+8*3* *33+ 
!  *33+* *3*3* *3. <  *  +  *8+SS+<*+ 
!  ***+8333*++S88«8+«  8«+<8* 

!  <  .  **38388888a888*3’»*3.  <S* 

!  **33*8<  *  +  **S83*  +  <33+<  <*8+ 
I  *3**#Q<  +  <33gs5«4.*****3*8+ 
!  3+<  S*3<  +  <888*833S83+88+88 
!  3+ <  **33 <  *883*88333***8+* < 

!  38*+33+<+8*3SS8S83+++3+3+ 
I  *+++88++** <  *8* *38* <  <++<*< 

1  3++****+<  **8#a8883<  *3<  <  <  + 
l+++3+<+< . <3888883****.+** 
!5*3****<  *S888H83< **++383 
1  S+3+**+<  <388a#88883**8*3< 
!  8  <  +  *  *  38  <  +  *  888888833338++3 
1  +3S8+ . *+888888838888* .  +  <8 
!  <  *33+<  *+888*3888888**. *+3 
1 .<+£*< +*S88888Ba8** . <  «+* 


i 

<  < 

+*•+ 
<3883< 
*8888* 
388883 
<  888888  < 
«S88888* 
38888883 
88888888 
88888888 
<  S88BK888  < 
+S88BX88S+ 
•f  S8IKEK8S+ 
*8810B88* 
*88im88* 
«88im88* 
*%$EEEE$&* 


NOISY 


NOISELESS 


.  .<+++< <+++*3*** <<< < 
.<++++<+*** 3333 <<< < 
<+++++**S38333<  <  <  . 

.  <+++**3SS83883+< <  . 

<  +  *  +  *3S888S88*+< <  .  • 

.  < ***388888883+<  - 

<++*S88888883*<  .  .  . 

.  <  *3888888883+. . 

. . <+8888BB8883+. 
.+3882SBB8S3< . . 

< *388B2BS883< . 
<+388222288*+. 
<+*888228888+  ..  . 
.<<*888828888+.. 

<  <  <+388888888*  .  . 
.<<<< *88888888+ < 

; < < < <+8S888888+< . . 

<  <  <  <  < .38888888++. . 

<  <  <  <  < .+3*88883++< .  . 
<<<<<. <+*38833++< 
<<<<<.. .++*83*+<  < . 

..  <<<<<.  .<++*3<<+<. 
.<<<..  . . <  ++  <<<<<. 

•  ••• 

PROPAGATED 


.  <+++*++3888833*< . 
<+***+*8888883* . . 
+•***♦$588888* . . 

.  < ****8888#888*< . 
<+***88$88888*< . 

. <***S8t$8$883+. 
<+*38lllt$883+. 

. <*38|22BI883<  . 
.<+8812222183+ 

. +3882222188 < . . 
.+ *882222188 < . 
.<*882222888+. 

. <  +8 8 8 2228 8 8+ . . 
. . . <388822888*. . 

. *88888888*. . 

.  . . . . <88888888* < 
.<.... *8888888++ . 

.  +3888888*+. 

< . . . .  <  *388888++< 

< . <  *38883++< 

. <  +388*++  < 

..  < . <<  +  *3<<  +  < 

....  . . <  +  <  .  <  <  < 


RECURSION 


C-99 


SET  20  -  600  -  Nbdes 
NCN-TRAINING 


!  5* '■  +  **<  .5  ■  .JI5*+3+*«<»S3338 
1  *  +  *83SS33  .:<3333**388+  <8 
!5*<  <+38**c.:3S8*8».+3383+* 
!<  +  <<<**. 53  88  *++3  <  <  <  3S88 

!+*88<**.  <  '::5*38*.*+++338* 
1+*838S+.  4::  5 88883888* *+88 
!  *88*  .  *+5:^  -  ^  »  + *+38833++++* 
16* . <  ***S^  < ‘ . <3SS*8++*8. < 
!  S8 . +883+  <  +S*  *S8* . +S38888S 
!83<+*33*33S*<3+<+3833**<8 
!  SS+8a3SS++SS+3*3S833*3**8 
!6+.33!>SS<  <  *8.+**883*+++38 
!  <+83S3*8o  -  -■^*388I8*+*3SS8 
!<338  <38*  3*8S88S888*3SS3 
188+*  < <83:3Sa883SS8*<3*33 
16+. <+338<+*888S+SSS3*3*33 
13+3.  <3*8*3SI81[|S838888883 
!+  *<  +*83cS8a8a88838S*888 
!  +53++<  +88l’38SS8S*88S8<S8+ 
i  *S+<33*$3c :sa88S3*8S88SS* 

!  ***Sa88**£58Baa8a8S883**+ 
!8+*3  +8882388833*38*88*88 
'  3++S38a883c38888888*88+*+ 
<8S88B432a888.383+<++8* 


<  + . 
<*33+ 
+3888* 
+888883 
+8888883 
+8888888* 
•  88888888+ 
388888888. 
*888888883 
<  888BU888* 
S88UUU888 
*  S88mX883 
.  888X10888  < 
3881X01883 

<  88800888  < 


NOISY 


NOISELfSS 


.  .<**++<•+<.. 
.++******< . . 

<  ***383*+ . 

.  +*333SS3<  < • . .  .  . 

<  *3338S8*<  +  < . 

. *3388883+* <  < . 

. +33888888* •< . 

< ♦38S88888*+< . . < 

.  <  *388888888* <  .  . . 

. <+3888XX88*  +  < . . 

< < *888XXX88«+. 

. .+888X1X888+ . 
.+888X1X888+  .  . 

.  +8888XXXX8* . . 

<38880X18*.. 

.*  88 8X0X83  < 

.+888X1X883*.. 

..888X1888*3... 

<  <*88X18883*+. 

.<+88888883*+ 

.<+*8888883**. 

. +< •3888833**< 

. +<+++33333*+< 

. <  <  < . .  +  ***+++< 

propagated 


.  +8888883+ < . 

<88888883+ . .* 

388888883 < _ 

3888888883< . 

+888$8$88S*. .  . 

<888$#8I888 . 

*888808163 . 

<8888X0888+..  . 
.388800883.. 
<88880088+.  . 
.*888X10888.. 
.<888X10X88+.. 
..*888X0X883.  . 

... <888XBXXX88< . 

• +888XXXX88* .  .  « 
..  .*8888  0  888. 

<  388888888+ . 

. <88888888* . 

<<88888883. 

. +8888888 < 
.<888888< 

•  •  •  <  < 38883 < . 

• •  . <  <  *33*  < 

•  . . . <++< 

recursion 


C-lOO 


Pii}e  D*1 

Appendix  0;  Kefereices 

Eberhirt,  Rvssell  C.  led  Oobbiis,  Roy  II.,  Editors.  Icoril  letiorfc  K  Tools:  I  Rrocticol  (oide. 
Sii  Diego,  CA:  Acideiic  Press  lie.,  19)0. 

Iiffes,  Pail  T.  RETS  Iscr's  Soldo  (ftrsioi  2.1  of  lETS).  Lyidoi  I.  Jobisoi  Space  Ceiter; 
Softiare  Tecbnology  Iraich,  Septeiber  1989. 

Rarei,  Aliaina,  Harstoo,  Draig,  aid  Pap,  Robert.  Iiidbook  of  leiril  Coipitiig  Appticatiois.  Saa 
Diego,  GA:  Acadeiic  Press  lie.,  199D. 


DISTRIBUTION 


Copies 


DIRECTOR,  US  AMSAA 
ABERDEEN  PG,  MD  21005-5071 
1  ATTN:  AMXSY-DL 

1  AMXSY-R 

1  AMXSY-MP 

1  COMMANDER 

DEFENSE  LOGISTICS  STUDIES 
INFORMATION  EXCHANGE 
FORT  LEE,  VA  23801 

12  COMMANDER- 

DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTN;  DTIC-FDAC 
CAMERON  STATION,  BLDG  5 
ALEXANDRIA,  VA  22304-6145 

1  COMMANDER 

U.S.  ARMY  MATERIAL  COMMAND 
ATTN;  AMCMM  (M. SANDUSKY) 

5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22233-0001 

1  COMMANDER 

ARMAMENT  RESEARCH  ?<  DEVELOPMENT  CENTER 

U.S.  ARMY  ARMAMENT,  MUNITIONS  ?<  CHEMICAL  COMMAND 

ATTN;  SMCAR-ASH  (LARRY  OSTUNI) 

BLDG  1  (TELELIFT  4-4) 

PICATINNY  ARSENAL,  NJ  07801-5000 

6  COMMANDER 
HQ  AMCCOM 

ROCK  IS,  IL  61299-6000 
ATTN; AMSMC-SA  (RICHARD  FISHER) 

1  COMMANDER 

U.S.  ARMY  COMMUNICATIONS-ELECTRONICS  COMMAND 
ATTN;  AMSEL-PE-SA  (BERNARD  PRICE) 

FORT  MONMOUTH,  NJ  07703-5027 

1  COMMANDER 

U.S.  ARMY  DEPOT  SYSTEMS  COMMAND 
ATTN;  AMSDS-SP  (ROGER  HOLLENBAUGH) 

CHAMBERSBURG,  PA  17201-4170 
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1  COMMANDER 

U.S.  ARMY  MISSILE  COMMAND 

ATTN;  AMSMI-OR-SA  (HARRY  E.  COOK) 

REDSTONE  ARSENAL,  AL  35898-5060 

1  COMMANDER 

U.S.  ARMY  TANK-AUTOMOTIVE  COMMAND 
ATTN;  AMSTA-V  (RUSSELL  FEURY) 

WARREN.  MI  48397-5000 

1  COMMANDER 

U.S.  ARMY  TEST  &  EVALUATION  COMMAND 
ATTN;  AMSTE-TA-S  (ED  STAUCH) 

ABERDEEN  PROVING  GROUND.  MD  21D05-5D55 

1  COMMANDER 

U.S.  ARMY  CHEMICAL  RESEARCH  AND  DEVELOPMENT  CENTER 
ATTN;  SMCCR-OPA  (JACK  SEIGH) 

ABERDEEN  PROVING  GROUND,  MD  21D05-5423 

1  COMMANDANT 

U.S. ARMY  LOGISTICS  MANAGEMENT  CENTER 
ATTN;  AMXMC-LS-S  (JOHN  MATHERNE) 

FORT  LEE,  VA  23801-6050 

1  DIRECTOR  US  AMETA 

ROCK  IS,  IL  61299-6000 

ATTN;  AMXOM-QA 

1  DIRECTOR 

ADVANCED  RESEARCH  PROJECTS  AGENCY 
1400  WILSON  BLVO 
ARLINGTON.  VA  22209 
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